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The contents of this report reflect the views of the author
who is responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily reflect
the officia'l.views or policies of the Pennsylvania Department
of Transportation, the Federal Highway Administration, or the
Reinforced Concrete Research Council. This report does not
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This report describes the field testing of an in-service
prestressed concrete I-beam/slab bridge superstructure with stay-
in-place corrugated steel sheet deck forms. The simple-span
bridge was loaded with a single test vehicle which closely simu-
iliated the HS 20-44 design vehicle. The vehicle was driven in nine
,speC'ified test lanes which extended laterally across the entire
roadway width. Runs were conducted at crawl speed to simulate
the static load condition, at speeds ranging from 5 to 60 mph to
produce the effects of a moving vehicle, and at 10 mph with a 2-
inch ramp to simulate a severe impact condition. At a cross-
section near midspan longitudinal strains were measured at seven
locations on the surfaces of the six longitudinal beams, and at
six locations on the surface of the curb section located on one
edge of the slab. Vertical deflections of the six beams were
also measured at the same cross-section location. Two series of
test runs were conducted, the first with midspan diaphragms in
place, the second with the midspan diapl1~aglT\s <removed.,
The results from the' fieTd testing revealed that the
load distributed: (1) to the interior beams was less than the de-
sign value, (2) to the exterior beam under the curb section was
greater than the design value, and (3) to the exterior beam hav-
ing no curb section was either greater or less than the design




















addition, it was found that the midspan diaphragms only slightly
influenced the experimentally-based distribution factors, pro-
duced by multi-lane loading to produce maximum effects. However,
for a single vehicle load, the diaphragms did serve to distribute
the load somewhat more 'evenly. Addti:tional information is provided
on (1) the amplification of static response, resulting from the
speed and impact runs of the test vehicle, and (2) deflections of
the beams.
Implications from the field tests are discussed, sev-
eral aspects of design philosophy are suggested for reconsidera-






















Over the past several years, Lehigh University has been
conducting an extensive research investigation on the structural
behavior of prestressed concrete, beam-slab type highway bridge
superstructures. Basically, the superstructures consist of a re-
inforced concrete cast-in-place deck slab, supported longitudinally
by pre-tensioned prestressed concrete beams, either box- or 1-
shaped in cross-section. In addition, cast-in-place reinforced
concrete diaphragms (or spacers) are constructed between the beams
at the ends of the span and at midspan, and curb-parapet sections
are cast-in-place on top of the slab. The superstructures are
simply supported, utilizing neoprene bearing pads at both ends of
the span.
This investigation has been primarily sponsored by the
Pennsylvania Department of Transportation (PennDOT) and the Federal
Highway Administration (FHWA) through the following projects (by
Lehigh title and project number) :
315: Lateral Distribution of Load for Bridges Constructed
with Prestressed Concrete Box Beams (PennDOT 64-6)
315A: Structural Response of Prestressed Concrete Box-
Beam Bridges (pennDOT 68-27)
349: Lateral Distribution of Load for Bridges Constructed





















322: A Structural Model Study of Load Distribution in
Bridges (NSF GK-646)
The primary objective in these studies has been to eval-
uate the lateral distribution of design-load vehicles to the indi-
vidual beams. In addition, related information has been developed
on (1) slab behavior, including stresses and strains in both con-
crete and transverse reinforcing steel; (2) the effect of midspan
diaphragms on load distribution; (3) participation of curb and
parapet sections acting compositely with the beam-slab system;
(4) the amplification of static load effects, resulting from mov-
ing loads; (5) deflections and rotations of the individual beams;
(6) the effects of end-support restraint; (7) effective slab width
for individual beams; and (8) stresses in the midspan diaphragms.
Project 315:
On this project, five in-service spread box-beam bridges
were subjected to design-load vehicle loading: Drehersville
(1964), Brookville (1965), White Haven (1965), Berwick (1965), and
Philadelpnia (1966). Eight reports have been published, SiXl - 6
8describe the behavior of the individual bridges, one is a summary
7
of the field tests, and one summarizes a mathematical analysis of
the structural behavior.
7
In report No. 315.9 , upon completion of the mathemati-
cal analysis, a comparison of load distribution evaluated from the





















Philadelphia Bridges was made with information derived from the
analysis, considering the effects of curb and parapet sections.
This comparison served to validate the mathematical analysis.
Next, the signifcant parameters (span length, beam depth, modular
ratio, Poisson's ratio, and slab thickness) were systematically
varied to evaluate the effects on load distribution. It was found
that the load distribution was significantly affected only by vari-
ation of span length and beam depth. Then, nineteen different
cross-sections, representing six different curb-to-curb slab
widths ranging from 32 to 66 feet, were analyzed over an extensive
range of span lengths, and with maximum and minimum beam depths.
Based on this overall analysis, in which the contribution of the
curb and parapet sections and the midspan diaphragms were com-
pletely neglected, the foJoJ:.owingp'nqceduI1e has been recommended
for determination of live-load distribution factors in spread box-
beam bridges:
1. The live-load bending moments in interior beams shall be
determined by applying to the beams the fraction of each
wheel load specified by the following expression:
2NL SD.F. = -N + k-LB
where: NL = number of design traffic lanes





















s = average beam spacing, (center-to-center)
L = span length
k = 0.07 W - NL (0.10 NL - 0.26) - 0.20 NB - 0.12
W = roadway width between curbs, ft.
2. The ,~ive load bending moments in exterior beams shall be
determined by applying to the beams the reaction of each
wheel load obtained by assuming the flooring to act as a
simple span between the exterior and first interior beams,
2NLbut shall not be less than ~.
B
Project 315A:
This project was initiated in 1968 to extend and broaden
the work completed in Project 315. A sixth spread box-beam. bridge,
Hazleton (1968) was field tested, with the following major objec-
tives: (1) To establish critical speeds for maximum amplification
of crawl-run response, and to determine the magnitude of the maxi-
mum amplification; (2) To develop information on stresses on the
surface of the slab in both lateral and longitudinal directions;
(3) To develop information on stresses in slab reinforcement;
(4) To establish the amplification of crawl-run response under
impact loading; and (5) To provide additional information on
lateral distribution of design vehicle loading. Two reports were
9
developed on this project, the first covering the structural be-
lOhavior of the overall superstructure, and the second covering the






















In Project 322, a set of Plexiglas models (1/16 scale)
was developed to enable the systematic variation of parameters in
a laboratory study of the behavior of the spread box-beam super-
structures. The information developed served to supplement and
expand the information from the field studies of Projects 315 and
315A. Two reports were developed, onel5 which describes the de-
16
velopment and use of the model system, and another which uti-
lizes the test information in the development of an approximate
method of live load distribution based on deflections.
Project 349:
In 1967, Project 349 was initiated to broaden the origi-
nal work on spread box-beam superstructures to include prestressed
11
concrete I-beam bridges. Initially, a literature survey revealed
the need for field tests similar to those conducted on Projects
315 and 315A. As a result, two bridges were field tested, Bartons-
ville (1968) and Lehighton (1969), with essentially the same major
objectives as those listed previously for Project 315A. The be-
havior of the Bartonsville Bridge has been covered in two ,.' l'
"1·'2;,'.1.:~
reports" , "". ". In addition, the slab behavior of the Lehighton
14
Bridge has been reported
The final report on Project 349, describing the overall
structural behavior of the Lehighton Bridge, is contained herein.





















section is devoted to descriptions of the test structure and the
testing procedure, the second section to data reduction and evalu-
ation, the third to test results, the fourth to a discussion of





















2. TEST STRUCTURE::~ANDl~l'ESTING PROCEDURE
2.1 General Description of the Test Structure
The test bridge is an in-service structure located near
Lehighton, Pennsylvania, and carries L.R. 164-8 over Pohopoco
Creek. The overall structure consists of three simply supported
spans, each 71 feet 6 inches center-to-center of bearings, with
a skew of 90°. An elevation view of the structure is shown in
Fig. 1.
The cross-section of the superstructure is shown in
Fig. 2. The main supporting elements are the six identical 24/45
. b ].8. hprecast, pre-tensloned, prestressed concrete I- earns Wlt a
center-to-center spacing of 6 feet 9 inches. The slab has a mini-
mum nominal thickness of 7-1/2 inches, and was cast-in-place,
utilizing corrugated steel, stay-in-place construction forms.
On the south side of the bridge, a safety curb section was east-
in-place on top of the slab, with full-depth (to top of slab)
vertical construction joints spaced at 18 feet 3 inches along the
bridge. These joints were approximately one inch in width, and
were filled with a bituminous mastic to the top of the sloping
portion of the curb cross-section. Reinforced concrete diaphragms
(or spacers) were cast-in-place between the beams at both ends of
the span (above the supports), and at midspan. Additional general
details of the superstructure are given in the PennDOT Standards






















2':2".1 Test Vehicle and Loading Procedure
The test vehicle consisted of a diese~-powered tractor
and semi-trailer unit, provided by the Federal Highway Adminis-
tration, and operated by personnel from that organization. The
vehicle was loaded with crushed stone to closely approximate the
17
AASHO HS' 20;.:.,4,4, design loading The actual loading and dimen-
sions of the test ana;.\~le,s~,g'l!1f\"Me'h5:c~'~si,ki1a:!lVe"shown i.n Fig. 4.
In the load testing of the superstructure, the roadway
of the bridge was divided into nine loading lanes, as shown in
Fig. 5. These lanes represented the location of the center of
the test vehicle. Lanes 2, 4, 6, and 8 were located along the
centerlines of the longitudinal beams, while lanes 1, 3, 5, and 7
were located midway between the beams. Lane 9 was situated 4 feet
9 inches from the safety curb, which placed the vehicle wheels as
close to the curb as possible.
A total of 254 test runs of the design load vehicle were
conducted on the test spa~ of the bridge. The bridge was tested
first with midspan diaphragms in place (132 runs), and then with
midspan diaphragms completely removed (142 runs). These runs
consisted of crawl runs, conducted with the test vehicle at a
nominal speed of 2-3 mph, to represent the response of the struc-
ture to static loads; speed runs, in which the vehicle speed was
varied from 5 to 60 mph in 2-1/2 mph increments; and controlled





















10 mph, and passed over a wooden ramp located near Section M (See
Fig. 1) to produce a 2-inch drop of the axles at Section M. A
listing of all test runs is given in Table 1.
2.2.2 Strain Gages and Instrumentation
To study the maximum longitudinal flexural response of
the superstructure, Section M, a cross-section located 3.55 feet
east of midspan, was selected as the test section. Theoretically,
the maximum bending moment produced by the test vehicle was de-
veloped at this cross-section when the drive axle passed eastward
over the bridge.
To measure the flexural response at Section M, 48 SR-4,
type A-9-3 strain gages were applied longitudinally on the sur-
faces of the beams and the curb section, as shown in Fig. 3. On
each beam, seven gages were mounted at four vertical locations to
enable the determination of primary bending strains with respect
to a horizontal neutral axis. In addition five gages were mounted
at three vertical locations on the curb section, and one gage was
mounted on the edge of the slab. The procedures for installing
the gages including surface preparation, and attachment and water-
proofing of the gages, as well as the recording instrumentation,
1_ 6
have been described in previous reports
Vertical deflections of the six beams were measured
with a system of small, aluminum cantilever plates attached to





















Each deflection gage consisted of four SR-4 strain gages bonded to
a flexible, triangular aluminum plate. The plate was attached to a
bar which was clamped along the bottom edge of the girder, perpen-
dicular to the longitudinal axis of the girder. At the apex of the
plate, a vertical wire was connected to a weight resting on the
ground surface; The wire was adjusted to impose an initial down-
ward deflection of the plate. Each deflection gage was calibrated
so that changes of flexural strain in the plate which occurred
when the girder was deflected, could be converted to deflections.
The output from all strain and deflection gages was
c oIlt:tnui!lI;lS 1y(~'Vecb:r}ded, a81~:t-1?"c1'6'trngs~;Y:i! e;lad! ng~';;Fe'a6,~ds';'vJt1Jij~ftl1f.~P¥§';;",
sented the continuous response of the gages throughout the time
intervals required to conduct each of the test runs. To relate
the vehicle location at any time to the gage responses, position
indicators were used to produce offsets on a separate ;]llR1iH1 ,j , :(.
which appeared on the same paper with the gage tracings. These
position indicators consisted of three air hoses stretched lat-
erally across the roadway surface. One hose was located at Sec-
tion M, while the other two were located 40 feet east and west of
Section M. As the three axles of the test vehicle passed over
each of the hoses, offsets were produced on the record to indi-
cate three locations of the test vehicle. Two additional lateral
hoses, installed at approximately 90 feet east and west of Section
M, were used to actuate the timer which recorded the average speed





















3. DATA REDUCTION AND EVALUATION
3.1 Evaluation of Primary Strains and Deflections
The initial processing of test data consisted of (1) the
initial editing (or identification) of the individual t~ac~ngs'~
(2) the establishment of no-load readings and calibration values,
and (3) the measurement of the maximum excursions (o~ offsets) for
each of the gages. Then, two computer programs were developed for
use with the CDC 6400 computer to evaluate the strains and
deflections.
3.2 Moment Coefficients and Distribution Coefficients
After the strains on the surfaces of the beams had been
determined, the moment coefficients were developed for each beam.
The moment coefficient is defined as the fuending moment carried by
the composite beam section, divided by the modulus of elasticity
of the beam concrete. In the determination of a moment coeffi-
cient, the first step was to average the two gage readings taken
at the same vertical level on each side of the beam. The averages
from the three pairs of side gages, together with the reading from
the gage on the bottom surface, represented four strain values
along the vertical axis of the beam. Next, a linear strain dis-
tribution was obtained by the method of least squares. With the
resulting strain at the bottom surface and location of the neutral
axis, the bending moment coefficient could be determined for the





















in the member was negligible. After the moment coefficients had
been determined for all of the composite beams, the distribution
of the vehicle load to the individual beams was determined by di-
viding the moment coefficient for each composite beam by the sum
of the moment coefficients for all beams. The resulting values,
called distribution coefficients, were then used to develop load
distribution factors for comparison with design values.
Along with the ext~p§jve coverage of moment coefficients
and distribution coefficients, additional related information is
included on locations of neutral axes and effective slab widths
for the individual composite beam sections.
3.3 Dynamic Load Factors and Impact Factors
For the speed and impact runs of the test vehicle 3 the
traces of the strain and deflection readings were characteristi-
cally oscillatory. Therefore, in the development of moment and
distribution coefficients, as well as deflection values, the maxi-
mum peak values were used in the computations. These values always
occurred at, or very close to, the time when the drive axle of the
test vehicle passed over the test Section M. After the moment
coefficients and deflections had been developed for the speed and
impact runs, dynamic load factors (DLF) and impact factors (IF)






















(DLF) Moment Coefficient at Speed=m Moment Coefficient at Crawl
(DLF) d Deflection at Speed= Deflection at Crawl
(IF) Moment Coefficient at Impact=m Moment Coefficient at Crawl
(IF) d Deflection at Impact= Deflection at Crawl
These factors were computed for each individual beam for each test
vehicle speed, and for the controlled impact runs. In addition,
similar factors were computed to reflect the response of the
entire superstructure, as follows:
6
L: Moment Coefficient at speed
(DLF) n=J,-- 6m L: Moment Coefficient at crawl
n=l
(0.866 A + 5B + 5C + 5D + 5E + 1. 415 F) at speed(DLF) d = (0.865 A + 6B + 6c + 6D + 6E + 1. 416 F) at crawl
6
L: Moment Coefficient at impact
(IF) =ur,sj,
m 6
L: Moment Coefficient at crawl
nEl





















where 0 represents the vertical deflection of the individual beams
A,B,C,D,E, and F as shown in Fig. 3. The factors 0.86 and 1.41
which appear in the expressions based on deflections, represent
the ratios of the moment of inertia of the cross-sections of the
exterior composite beam sections to the moment of inertia of the
interior composite beam sections. For simplification in develop-
ing these ratios, it was assumed that the effective slab widths
extended from midspacing to midspacing for the interior beams, and
from midspacing to the edge of the slab for exterior beams. In























The moment coefficients for the crawl runs are presented
in Table 2. These coefficients represent average values from the
two (three, in two cases) sets of crawl runs conducted in each of
the nine test lanes. The values of modulus of elasticity (for the
beam concrete) listed opposite each loading lane were obtained by
dividing the total test vehicle moment at Section M by the sum of
the moment coefficients for the individual composite beams. For
the speed and impact runs~ moment coefficient values are given in
Tables 3 - 7 and 8, respectively.
4.2 Distribution Coefficients
The distribution coefficients for the crawl runs are
listed in Table 9. These values are illustrated in Fig. 6 - 14 to
indicate the lateral distribution of load to the composite beam
sections for each of the nine lateral positions of the test vehi-
cle. The same values are illustrated in another manner in Fig.
15 - 20, in the form of influence lines for each of the six compo-
site beam sections. For the speed and impact runs, the distribu-
tion coefficients are listed in Tables 10 - 13.
4.3 Load Distribution Factors
The live load distribution factors used in the design of






















Section 3 of the AASHO specifications As covered in
Art. 1.3.1 (B) (1), the factor 5~5 = 1.23 was used for all interior
beams (B,C,D,E). The exterior beams were designed in line with
Art. 1.3.1 (B) (2) (a), that is, considering the reactions of the
wheel loads obtained by assuming the flooring to act as a simple
span between beams.
The test results were combined in three different ways
in developing experimentally-based load distribution factors for
comparison with the design values. In the first case (I), the
roadway width was divided into three design traffic lanes, as spec-
17
ified in Art. 1. 2.6 The influence lines in Fig. 15 - 20 were
then used to determine the experimentally-based factors, as shown
in Fig. 21. Next, since the highway roadway is oriented in such
a way that the bridge roadway carries only two lanes of traffic,
two additional cases (II and III) were considered to represent the
actual two-lane use of the bridge. In case II, the two lanes were
considered to be equal in width, as shown in Fig. 22. Case III
represents the actual in-use condition. That is, the two traffic
lanes on the bridge were considered to be the direct extension of
the 24-ft. approach pavement slab, as ·shown in Fig. 23. The com-
pilation of test results which led to the experimentally-based
values shown in Fig. 21 - 23, is shown in Table 14.
4.4 Dynamic Load Factors (DLF)m and Impact Factors (IF)m





















for the individual beams and for the entire superstructure are
presented in Tables 3 -7. These factors were determined for the
entire range of test vehicle speeds (5 -60 mph) in test lanes 2
and 5. These lanes were nearly coincidental with the lanes of the
approach pavement. In addition, some runs at selected speeds were
conducted in lane 6; however, speed runs in lanes 7 -9 were not
possible because of the limitations imposed by the location of the
two-lane width of the approach pavement.
The values presented in Tables 3 -7 are illustrated in a
number of figures. Basically, in all of these figures, the values
of the (DLF)m are plotted as a function of the test vehicle speed.
From Tables 3 and 5, the plots of (DLF) for the individ-
m
ual beams A,B,C,D, and E are given in Fig. 30 -34. Plots for the
individual beams are combined in Fig. 35, representing behavior
with diaphragms in place, and in Fig. 36 with diaphragms removed.
A plot representing the behavior of the entire superstructure is
given in Fig. 37. For beam F, although (DLF) values are given in
m
Tables 3 and 5, it was felt that the values have little meaning be-
cause of the very small magnitudes of the moment coefficients for
runs of the test vehicle in lane 2.
From Tables 4 and 6, the plots of (DLF)m for all six
beams are given in Fig. 38 -43. To represent behavior with dia-
phragms in place, plots for beams A,B,C, and D are combined in
Fig. 44, and plots for beams D,E, and F are included in Fig. 45.





















given in Fig. 46 and 47. A plot for the entire superstructure is
given in Fig. 48.
For Table 7, plots similar to those previously described
for Table 3 - 6 are presented in Fig. 49 - 57. These plots repre-
sent selected test runs in lane 6.
The impact factors (IF) developed from the controlled
m
impact tests are compiled in Table 8. Values of the (IF) are
m
also shown on the plots of the (DLF) in Fig. 30 - 34, 37 - 43,
m
49 - 54, and 57.
4.5 Deflections
The vertical deflections for the crawl runs are compiled
for the individual beams in Table 25. These deflections represent
average values from the two sets of crawl runs conducted in each
of the nine test lanes. The deflections obtained during a selected
series of speed runs, and during the impact runs, are presented in
Tables 26 - 30.
The deflections are graphically illustrated in the form
of influence lines for each of the six beams, as shown in Fig.
24 - 29. For each beam, four lines are plotted to indicate behavior
during crawl and impact runs, both with and without midspan
diaphragms.
4.6 Effective Slab Widths and Neutral Axes
The effective slab widths for the individual composite
beam sections are shown in Table 20 for the crawl runs, in
-18-
4.7 Vibration Frequency
The experimental unloaded natural frequency of this
bridge (without midspan diaphragms) was measured as 7.12 cycles
per second. The theoretical natural frequency of the first mode
of vibration of a simply supported beam of uniform cross-section
is obtained from the equation:
Tables 21 - 23 for the speed runs, and in Table 24 for the impact
runs. It should be noted that these effective widths are based on
an assumed modular ratio of 0.8 for the slab and beamebncretes.
If a higher value had been used, the total effective widths would
have been less. In past ~tudies, it has been found that the as~
sumed modular ratio has a negligible effect on the loaddistribu-
tion values.
The experimentally determined locations of the neutral
axes are compiled in Table 15 for the crawl runs, in Tables 16 - 18




















where L = Span length
E = Modulus of elasticity
I = Moment of inertia of the cross-section






















This equation was used to compare the measured natural
frequency with a theoretical value based on the simplifying as-
sumtion that the bridge response is very similar to that of a
simple beam. Since the contribution of the safety-curb section
to the flexural stiffness is not certain, two calculations of
theoretical natural frequency were made. The first, considering
the entire safety-curb section to be effective, yielded a theore-
tical value of 7.39 cps. In the second, the top portion (15
inches wide and 12 inches deep) was neglected, yielding a theo-
retical value of 7.08 cps. The fact that the measured value of
7.12 cps is between the calculated values serves to strengthen
earlier findings that the safety-curb section is acting com-
posi tely with the beam-slab system. The value of E used iim"ithe
6





















5. DISCUSSION OF RESULTS
The Lehighton Bridge proved to be an excellent test
structure. The bridge had been in use only six- montfis '~a'm'flhe(
time of the field test, and the construction and workmanship were
excellent. The superstructure, with safety curb on one side, and
no curb or rail on the other side, provided a good opportunity for
evaluating the effect of the safety curb on the behavior of the
exterior beams. In addition, the complete removal of midspan dia-
phragms during the field test program yielded an ideal opportunity
for determining the effect of the diaphragms on the structural be-
havior of the beam-slab system.
The most significant results from this field test are
centered in the area of live-load distribution. In Fig. 21, a
direct comparison is made between design distribution factors and
experimentally-based factors both with and without midspan dia-
phragms in place. It can be seen that for all four interior beams
(B,C,D, and E) the experimentally-based factors are less than the
design value. For beams B,C, and D, the results are very similar,
with experimentally-based values at approximately the same level,
and with only minor differences between values representing cases
with and without diaphragms. For beam E, both experimental values
are substantially less than the design value, and there is some
difference between the cases with and without diaphragms.





















results shown in Fig. 21 reflect the consideration that the edge
of the left design load lane was considered to be the edge of the
slab. Therefor~, in determining the experimentally-based factors,
the center of the load vehicle was placed five feet from the edge
l7
of the slab (Fig. 1.2.5A ). With this definition of the design
load lane, the experimentally-based factors are only slightly dif-
ferent from the factors determined for the three interior beams
B,C, and D. On the other hand, if an imaginary safety curb is
envisioned on the left side thereby moving the left design load
lane to th~ right by two feet, of the roadway, the design factor
would drop from 1.12 to the value indicated for beam F (0.70), and
the experimentally-based values would drop from 1.05 to 0.92 (dia-
phragm in place), and from 1.01 to 0.82 (diaphragm removed). This
shift of the design load lane is necessary to facilitate a mean-
ingful appraisal of the effect of the safety curb. With this
shift, for the case with diaphragms in place, the experimentally-
based distribution factor for beam A is 0.92, as compared to 1.07
for beam F. With diaphragms removed, the factors would be 0.82
and 0.98, respectively. Therefore, for the Lehighton Bridge, the
presence of the safety curb draws ~ore of the load to the exterior
beam, resulting in an increase in the experimentally-based design
load of approximately 15% for the exterior beam. This result was
l6
not unexpected, since the previous model studies consistently
indicated this change in structural response. This behavior is





















Band E. Where beam A carries less load than beam F, beam B
carries more than beam E.
The influence of the midspan diaphragms on the distribu-
tion factors is reflected in experimentally-based values shown in
Fig. 21. Actually, there are only minor differences between
values for cases with and without midspan diaphragms. This finding
parallels similar findings from the earlier field test of a spread
5box-beam bridge , and tends to counteract the general feeling that
the midspan diaphragms are more effective in I-beam bridges than
in their spread box-beam cousins. A review of the results pre-
sented in Fig. 6 - 14 and the influence lines in Fig. 15 - 20 will
illustrate the primary effect of the midspan diaphragms. That is,
these diaphragms tend to more evenly distribute the effects of a
single vehicle. However, when more than one design load lane is
loaded, a counter-balancing takes place, generally yielding re-
sultant values of nearly the same magnitude. In the Lehighton
Bridge, the largest difference between factors with and without
diaphragms in place occurred for beams E and F. In this compari-
son, it can be seen that the diaphragm increased the effectiveness
of the heavier exterior beam section F. Without the diaphragm,
beam F was less effective and the load was shifted to beam E.
However, even in the latter case, the load carried by beam E was
less than the load carried by the other interior beams B,C, and D.
Before leaving the subject of load distribution, another





















of the number of design load lanes. This effect is vividly illus-
trated by comparing Fig. 22 and 23 with Fig. 21. When the struc-
ture is loaded in the two actual load lanes, the experimentally-
based distribution factors are substantially less than the design
values. However, with recent trends in incorporating additional
safety features into highway design philosophy, the resulting
standards for roadway widths have been substantially increased.
These increases should form the basis for a thorough review of
design philosophy for highway bridges, particularly in the area
of load distribution.
While the primary thrust on this field study was to
evaluate the load distribution characteristics, a substantial bank
of information was developed on response to speed runs and to con-
trolled impact runs of the test vehicle. In particular, dynamic
load factors and impact factors based on moment coefficients and
beam deflections were developed to illustrate amplifications pro-
duced by a single moving test vehicle. Based on the test results,
it was felt that the speed runs produced no basis for fear that
the impact factor (Art. 1.2.12 (C)l7) may yield values which might
not form an upper bound to the actual maximum amplifications. A
review of the many figures presented will show that in general,
the amplifications fall below the value design value of the impact
factor. There are some cases where the impact factor is exceeded.
However, these cases typically occur where base (crawl run) values





















in lane 2 (Fig. 34). There are other examples of these excep-
tions. However, the most significant representations of the dy-
namic behavior are those of the entire superstructure, such as in
Figs. 37 and 48. From these figures, it can be seen that it is
difficult to pinpoint speeds at which maximum amplification will
occur. However, it can be seen in Fig. 48 that peaks do occur at
speeds in the vicinity of 22, 30, 42, and 50 mph. It is obvious
from the range and variation in test results from the Lehighton
Bridge, as well as from similar previous studies, that a single
impact factor can, at best, provide a reasonable upper bound
value for design purposes. It is also apparent that the needed
refinement must evolve from extensive analytical studies, supple-
mented by information from field studies such as this one of the
Lehighton Bridge.
In general, the impact tests provided relatively strong
amplifications of crawl run response. However, it is empha~ized
that similar effects would typically be produced only by obstruc-
tions on the bridge surface or by potholes in the slab. In this
vein, the results· should alert engineers to the potentially





















6. CONCLUSIONS AND RECOMMENDATIONS
The field test of the Lehighton Bridge was the second in
a series of two field studies of prestressed concrete I-beam bridge
superstructures. The two studies have clearly indicated a struc-
tural response to vehicular loads which parallels the findings
from the earlier investigation of prestressed concrete spread box-
beam superstructures, suggesting that it would be appropriate to
proceed with the development of a new load distribution specifica-
tion for the I-beam bridges.
From the field tests of the I-beam structures, it was
found that the design live-load distribution factors were greater
than the experimentally-based values for interior beams, although
the difference between design and experimental values was not as
pronounced as was found for the spread box-beam type. For the ex-
terior beams, it was found that the design values were consider-
ably less than the experimental values, indicating the effect of
the curb section in drawing more of the load to the exterior beams.
Likewise, this behavior parallels the behavior found in the spread
box-beam type. However, the smaller difference between design and
experimental values should not imply that the current specifica~:·
tions are more accurate for the I-beam type. In the specification
development procedure for the spread box-beam type, it was found
that the span length has a significant effect on the distribution





















effect will be found for the I-beam type. In addition, there is
reason to believe that other characteristics such as slab thick-
ness, and flexural and torsional stiffnesses of the beams, may
warrant inclusion in a new provision for I-beams.
Based on the field test results from both I-beam and
spread box-beam bridges, it is apparent that the real need for
midspan diaphragms must be established on a basis other than the
attempt to more evenly distribute the multi-lane loading required
to produce maximum effects. In the I-beam bridges, as was found
for the spread box-beam type, the midspan diaphragm does serve'to-,
improve the distribution of single vehicle loads, but for multi-
lane bridges, the resulting maximum effects are considerably less
than the maximum effects produced under design load conditions.
Therefore, the continued use of midspan diaphragms must be based
on a design philosophy which includes provisions which define the
consideration of future overload conditions.
The response of the I-beam bridges to speed runs and
controlled impact runs was very similar to the response of the
spread box-beam bridges. That is, the amplifications resulting
from the speed runs generally exhibited peak:values at certain
speeds of the vehicle. Although the peak values were not as promi-
nent for the I-beam bridges, the critical speeds were found to be
in the vicinities of 22 and 32 mph, and at several speeds in the
45 - 60 mph range. It was found that the overall speed run ampli-





















factor. As a result, it is probable that speed run effects do not
produce stresses which exceed the working load stress limits im-
posed by the specifications. On the other hand, the controlled
impact runs, which simulated the effect of a design load vehicle
passing over a single obstruction on the bridge deck, yielded a
substantial amplification of the crawl run response. This behav-
ior should serve to emphasize the importance of maintaining
debris-free, smooth bridge decks at all times. Based on the field
test results, it is quite possible that the presence of debris on
a bridge deck or potholes in the slab could produce stresses in
excess of design values. In addition to these general aspects of
the dynamic load behavior, it should also be emphasized that these
field studies have yielded a large volume of data which can be
invaluable in future attempts to develop a more extensive analysis
of dynamic load effects. Over the past several years, there have
been many attempts to mathematically simulate the dynamic load
response of beam-slab type superstructures. As yet, these anal-
~s~~ have not resulted in the proposal or adoption of new speci-
fication provisions. However, the need remains for analyses
which will (1) yield an improved specification coverage of dyna-
mic load effects, and (2) enable an accurate appraisal of dynamic
load behavior for an in-service structure.
The field tests of the two I-beam and six spread box-
beam superstructure have raised ~everal questions related to the





















bridges. The first question stems from the effect of the curb-
parapet sections on the actual live-load distribution in in-service
structures. Obviously, the current construction practice results
in an effective joint between the curb-parapet section and the
slab, as reflected by the fully composite behavior of the beam-
slab-curb-parapet section. Perhaps it is time that consideration
be given to the more complete consideration of the load-carrying
capabilities of the curb-parapet sections, as well as to the
effects which these sections have on the live-load distribution.
The second question is centered on the effects of the
midspan diaphragms in distributing loads. Based on the field test
results, it is felt that the current longitudinal spacing require-
ments may be inadequate. That is, it appears that the diaphragms
are unnecessary, unless consideration is given to possible over-
loading conditions (which are not now included in design specifi-
cations). On the other hand, it could be argued that the spacing
should be reduced if the diaphragms are to perform their intended
function. In any case, it appears that a thorough review of the
diaphragms should be made, with consideration given to all aspects
of the intended functions.
The third question is in the area of design load lanes.
As indicated previously, the effect of the new roadway width pro-
visions should be given careful consideration with the possibility
of revising the provisions governing the definition of design load






















must be given consideration, but a fresh look at the problem may
result in a new philosophy which may be reflected in the load dis-
tribution provisions.
As to possibilities for future research, two important
areas have already been discussed: (1) the development of a new
specification provision to cover live-load distribution in pre-
stressed concrete I-beam superstructures, and (2) the development
of an analysis for assessing dynamic load effects, and the related
design specifications. In addition, these future studies should
be broadened to include (1) coverage of the effects of skew and of
diaphragms, (2) the development of criteria to evaluate critical
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TABLE 1 LIST OF TEST RUNS
Nominal With Without
Description Speed Midspan Diaphragn s Midspan DiaphraeTIs
(mph) Lanes No. Lanes No.
Crawl 2.0 1,2* , 3* ,4,5,6,7 , 8, ( 20 1,2.3.4.5.6.7.8 9 18
Speed 5.0 2,5 2 2,5 2
7.5 2,5 2 2,5 2
10.0 2,5 2 2,5 2
12.5 2,5 2 2,5 2
15.0 2,5 2 2,5,6 3
17.5 2,5 2 2,5,6 3
20.0 2,5 2 2,5,6 3en
Q) 22.5 2,5 2 2,5,6 3
bO 25.0 2,5 2 2,5,6 3rd
C-'J 27.5 2,5 2 2,5,6 3
r-! 30.0 2,5 2 2,5,6 3rd
c: 32.5 2,5 2 2,5,6 3
'M
'0 35.0 2,5 2 2,5,6 3
:::l
+J 37.5 2,5 2 2,5 2
'M 40.0 2,5 2 2,5 2bO
c: 42.5 2,5 2 2,5 20
....:l 45.0 2,5 2 2,5 2
47.5 2,5 2 2,5 2
50.0 2,5 2 2,5 2
52.5 2,5 2 2,5 2
55.0 2,5 2 2,5,6 3
57.5 2,5 2 2,5,6 3
6n 0 2 5 2 256 3
Impact 10.0 2,3.4.5,6,7,8 7 2.3.4.5.6.7.8 7
Sum 73 83
Crawl 2.0 1.2.3 4 5 6.7.8.9 18 1.2 3 456 789 18
Speed 15.0 2,6 2 2,6 2
17.5 2,6 2 2,6 2
en 20.0 2,6 2 2,6 2Q)
bO 22.5 2,6 2 2,6 2
rd
C-'J 25.0 2,6 2 2,6 2
c: 27.5 2,6 2 2,6 2
0 30.0 2,6 2 2,6 2'M
+J 32.5 2,6 2 2,6 2()
Q) 35.0 2,6 2 2,6 2r-!
4-l 55.0 2,6 2 2,6 2Q)
0 57.5 2,6 2 2,6 2
60.0 2,6 2 2.6 2
Impact 10.0 2.3,4,5,6.7.8 7 2 3 4 5.6.7.8 7
Sum 49 49
Total Runs 254
* Three Runs per Lane; the others in Crawl Runs, two runs per lane
-33-
Moment Coefficients (10-3 ft_inz) ModulusLane of
Midspan Diaphragms Removed Elasticity
A B C D E F 106 psi
1 58.2 47.4 21.1 9.3 2.7 -2.4 7.03
2 40.4 47.3 30.0 14.9 4.3 -0.5 7.02
3 23.7 43.9 39.4 23.9 9.6 2.3 6.70
4 12.6 31. 7 41. 3 35.0 15.1 6.8 6.71
5 6.9 22.5 38.9 43.4 22.3 12.8 6.53
6 3.7 15.7 30.6 46.3 31.6 19.5 6.50
7 1.1 8.6 21. 8 40.6 40.5 31.6 6.64
8 -0.2 4.6 13.2 30.4 44.6 49.4 6.74
9 -0.4 1.6 9.0 25.4 45.8 60.4 6.74
Average 6.73
Moment Coefficients -3 Z ModulusLane (10 ft-in) of
Midspan Diaphragms in Place Elasticity
A B C D E F 106 psi
1 57.1 43.1 20.5 9.0 3.1 -1.5 7.27
2 42.0 43.2 27.4 15.0 5.7 0.5 7.15
3 24.9 39.2 34.7 22.5 10.4 3.4 7.08
4 14.7 30.6 35.7 31.5 15.5 8.9 7.00
5 8.2 22.6 34.0 38.3 19.3 14.0 7.01
6 4.3 16 .5 29.0 40.0 25.4 20.1 7.10
7 1.4 9.9 21. 2 38.4 31.6 33.5 7.03
8 0.0 5.4 14.7 30.3 36.4 50.0 7.00







TABLE 2 MOMENT COEFFICIENTS FOR CRAWL RUNS
* T.M. = Total Moment due to Load Vehicle






















TABLE 3 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS
b
Truck in Lane 2, Midspan Diaphragm in Place
M.C. = Moment Coefficient (10-3 ft_in2 )





SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m M.C. (DLF) m M.C. (DLF)m M.C. (DLF)m
2.0 42.0 1.00 43.2 1.00 27.4 1.00 15.0 1.00 5.7 1.00 0.5 1.00 133.8 1.00
5.3 40.4 0.96 42.3 0.98 27.7 1.01 16.3 1.08 6.7 1.18 Q.4 0.80 133.8 1.00
8.3 43.2 1.03 43.8 1.01 28.2 1.03 16.5 1.10 6.8 1. 20 -0.5 -1.00 138.0 1.03
10.8 43.5 1.04 46.0 1.06 29.3 1.07 16.6 1.10 6.8 1. 20 1.0 1.80 143.2 1.07
11.4 39.6 0.94 41.5 0.96 28.0 1.02 17.2 1.14 6.9 1. 22 1.0 1. 76 134.2 1.00
15.8 39.2 0.93 40.4 0.93 27.3 1.00 16.6 1.11 7.3 1. 28 0.6 1.07 131.4 0.98
18.6 39.7 0.94 42.5 0.98 28.3 1.04 17 .4 1.16 7.6 1.34 0.0 0.09 135.5 1.01
19.3 44.3 1.02 42.6 1.02 29.0 1.08 16.6 1.06 7.0 1.40 0.6 0.09 140.1 LOS
22.5 42.9 LOS 44.3 0.98 29.6 1.06 16.0 1.11 8.0 1.23 0.0 1. 20 140.8 LOS
24.6 40.9 0.97 43.0 1.00 28.4 1.04 16.3 1.08 7.4 1.30 0.7 1.30 136.7 1.02
26.9 40.5 0.96 44.4 1.03 28.9 1.06 16.6 1.10 7.5 1.32 0.5 0.87 138.4 1.03
31.8 41.9 1.00 41.8 0.97 28.7 1.05 16.2 1.08 6.4 1.12 1.3 2.35 136.3 1.02
34.1 44.1 LOS 40.0 0.92 27.7 1.01 15.9 1.06 6.3 1.11 0.5 0.96 134.5 l..00
36.2 44.0 LOS 42.3 0.98 27.6 1.01 16.6 1.11 7.7 1.36 0.8 1.44 139.0 1.04
37.5 43.6 1.04 44.4 1.03 28.6 LOS 16.1 1.07 6.5 1.15 -0.4 -0.74 138.8 1.04
41.9 44.2 LOS 44.9 1.04 28.8 LOS 16.1 1.07 7.2 1. 27 0.5 0.94 141. 7 1.06
43.3 44.0 1.04 43.8 1.01 29.5 1.08 17 .1 1.14 6.6 1.16 -0.4 -0.74 140.6 1.05
46.4 43.2 1.03 40.8 0.94 26.6 0.97 15.6 1.04 6.3 1.11 -0.4 -0.78 132.1 0.99
48.2 41.8 0.99 45.4 1.05 31. 3 1.14 18.3 1. 22 7.9 1.40 2.5 4.70 147.2 1.10
52.0 42.6 1.01 39.9 0.92 26.9 0.98 15.1 1.01 5.5 0.98 -0.2 -0.39 129.8 0.97
52.4 41.9 1.00 41.9 0.97 28.7 LOS 16.3 1.08 8.0 1.40 1.9 3.59 138.7 1.04
54.4 40.8 0.97 40.3 0.93 27.3 1.00 15.7 1.04 6.7 1.18 0.4 0.76 131. 2 0.98
56.7 45.6 1.08 42.4 0.98 27.0 0.99 14.1 0.94 5.4 0.95 -2.0 -3.67 132.5 0.99
63.0 44.2 1.05 43.6 1.01 26.7 0.98 14.6 0.97 6.9 1. 22 1.2 2.26 137.2 1.02
-------------------
TABLE 4 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS
Truck in Lane 5, Midspan Diaphragm in Place
M.C. : Moment Coefficient Cl0- 3 ft-in)





SPEED BEAM A BEAM B BEAM C BEAM 0 BEAM E BEAM F TOTAL
Cmph) M.C. CDLF) M.C. CDLF) M.C. CDLF) M.C. CDLF) M.C. CDLF) M.C. CDLF) M.C. CDLF)m m m m m m m
2.0 8.2 1.00 22.6 1.00 34.0 1.00 38.3 1.00 19.3 1.00 14.0 1.00 136.4 1.00
5.0 10.0 1. 22 23.8 1.05 35.5 1.04 39.2 1.02 21. 7 1.13 15.4 1.10 145.6 1.06
7.5 9.2 1.12 24.1 1.07 35.3 1.04 40.3 1.05 21. 2 1.10 13.9 0.99 144.0 1.06
10.0 9.2 1.12 22.8 1.01 33.8 0.99 38.9 1.02 21.9 1.14 13.0 0.93 139.6 1.02
12.5 8.9 1.08 23.1 1.02 35.4 1.04 40.1 1.05 21.8 1.13 14.2 1.02 143.5 1.05
15.6. 8.8 1.06 23.2 1.03 34.3 1.01 38.9 1.02 22.2 1.15 15.5 1.11 142.9 1.05
17 .5 9.0 1.10 22.7 1.01 33.3 0.98 37.4 0.98 21.1 1.10 14.4 1.03 137.9 1.01
19.3 10.6 1. 29 26.2 1.16 34.4 1.01 36.8 0.96 23.8 1. 24 13.9 1.00 145.7 1.07
22.4 10.0 1. 22 26.3 1.16 38.8 1.14 41.9 1.09 24.0 1. 25 14.6 1.04 155.6 1.14
25.4 9.1 1.11 25.0 1.11 34.3 1.01 38.0 0.99 22.2 1.15 13.5 0.96 142.1 1.04
27.5 8.2 0.99 24.2 1.07 35.5 1.04 39.5 1.03 22.7 1.18 14.4 1.03 144.5 1.06
30.6 10.3 1.25 24.9 1.10 34.9 1.03 38.4 1.00 24.5 1. 27 18.0 1. 29 151.0 1.11
31.6 10.3 1. 26 23.9 1.06 33.0 0.97 35.7 0.93 22.6 1.17 18.9 1.35 144.4 1.06
35.6 10.3 1.25 25.4 1.13 34.5 1.02 34.8 0.91 21.4 1.11 15.4 1.10 141.8 1.04
37.2 9.8 1.19 23.3 1.03 34.7 1.02 38.0 0.99 22.2 1.15 17.3 1. 24 145.3 1.06
41.5 9.6 1.17 23.6 1.05 37.5 1.10 41.5 1.08 22.8 1.18 16.8 1. 20 151.8 1.11
43.9 9.5 1.16 22.9 1.01 36.0 1.06 37.8 0.99 20.1 1.04 17.0 1.21 143.3 1.05
44.9 9.0 1.09 22.5 1.00 35.5 1.04 39.0 1.02 21.5 1.11 16.2 1.16 143.7 1.05
47.2 9.2 1.11 22.7 1.01 35.4 1.04 37.3 0.97 21.8 1.13 16.3 1.17 142.7 1.04
49.6 9.6 1.16 22.6 1.00 35.6 1.05 38.6 1.01 21.8 1.13 19.4 1.38 147.6 1.08
50.4 8.7 1.06 20.9 0.92 34.3 1.01 37.0 0.96 21.3 1.11 16.3 1.16 138.5 1.02
55.0 9.5 1.16 23.0 1. 02 33.8 0.99 34.9 0.91 22.8 L18 19.1 1.37 143.1 1.05
55.5 8.3 1.00 22.0 0.98 33.0 1. 26 37.1 0.97 21.8 1.13 17 .8 1. 27 140.0 1.03
59.6 9.5 1.15 21.9 0.97 33.3 0.98 35.4 0.92 20.1 1.04 15.3 1.09 135.5 0.99
-------------------
TABLE 5 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS
Truck in Lane 2, Midspan Diaphragms Removed
b M.C. = Moment Coefficient (10- 3 ft-in a)




SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DL-F) M.C. (DLF) M.C. (DLF)
m m m m m m m
2.0 40.4 1.00 47.3 1.00 30.0 1.00 14.9 1.00 4.3 1.00 -0.5 1.00 136.4 1.00
5.9 39.2 0.97 47.5 1.00 29.3 0.98 14.5 0.97 4.7 1.09 1.6 -3.16 136.8 1.00
9.0 39.7 0.98 46.5 0.98 29.2 0.97 14.6 0.98 5.2 1. 21 1.4 -2.76 136.6 1.00
10.0 40.5 1.00 46.2 0.98 27.6 0.92 14.3 0.96 4.2 0.98 -0.7 1.47 132.1 0.97
12.2 41. 7 1.03 48.1 1.02 30.6 1.02 15.4 1.04 5.0 1.16 0.0 -0.04 140.8 1.03
14.6 41.3 1.02 47.5 1.01 29.5 0.98 13.9 0.93 3.7 0.87 -0.7 1.47 135.2 0.99
17.9 38.0 0.94 46.6 0.99 30.1 1.00 15.1 1.01 4.8 1.12 -0.2 0.33 134.4 0.98
22.0 42.9 1.06 50.1 1.06 31. 2 1.04 15.5 1.04 4.4 1.04 1.0 -2.12 145.1 1.06
22.2 44.6 1.10 50.1 1.06 31.9 1.06 15.4 1.03 4.6 1.06 1.5 -3.12 148.1 1.09
25.8 43.5 1.08 49.4 1.04 31.5 LOS 14.5 0.98 5.2 1.21 2.1 -4.24 146.2 1.07
29.8 42.3 1.04 45.9 0.97 29.7 0.99 14.4 0.97 4.4 1.03 0.6 -1.27 137.3 1.01
30.6 41.4 1.02 44.4 0.94 29.4 0.98 14.7 0.98 4.3 0.99 0.9 -1.90 135.1 0.99
33.7 39.9 0.99 42.1 0.89 27.4 0.91 13 .3 0.90 4.0 0.93 -0.1 0.18 126.6 0.93
35.9 39.3 0.97 45.7 0.97 29.9 1.00 14.7 0.99 4.4 1.02 -0.1 0.29 133.9 0.98
37.2 40.4 1.00 48.8 1.03 30.0 0.98 13.6 0.92 4.2 0.98 0.9 -1.86 137.9 1.01
38.5 39.7 0.98 48.7 1.03 30.5 1.02 13.9 0.94 4.2 0.98 -0.2 0.33 136.8 1.00
43.2 42.0 1.04 50.3 1.06 29.6 0.99 13.7 0.92 3.8 0.90 -0.7 1.51 138.7 1.02
46.1 40.3 1.00 48.1 1.02 30.0 1.00 14.6 0.98 5.0 1.17 0.7 -1.45 138.7 1.02
46.8 39.6 0.98 52.0 1.10 30.0 1.00 14.2 0.96 4.2 0.99 1.1 -2.16 141.1 1.03
50.7 43.0 1.06 50.0 1.05 30.9 1.03 15.1 1.02 5.2 1. 21 1.1 -2.24 145.3 1.06
53.4 41.1 1.02 46.7 0.99 28.8 0.96 14.5 0.98 4.9 1.14 0.6 -1.20 136.6 1.00
55.4 41.0 1.00 45.2 0.96 27.1 0.90 12.4 0.93 3.5 0.81 0.5 -1.06 129.7 0.95
58.6 38.7 0.96 44.4 0.94 28.3 0.94 13 .0 0.87 4.3 1.00 -0.2 0.51 128.5 0.94
61.5 42.2 1.04 45.9 0.97 27.8 0.93 13.2 0.89 4.0 0.93 3.0 -6.02 136.1 1.00
-------------------
TABLE 6 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS
5 ~-M 4-
Truck in Lane 5, Midspan Diaphragms Removed
M.C. : Moment Coefficient (10-3 ft-in 2 )





SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) M.C. (DLF) rn M.C. (DLF)m M.C. (DLF) M.C. I(DLF)m M.C . .(DLF)m M.C. (DLF)m M.e. I (DLFJ mm
2.0 6.9 1.00 22.5 1.00 38.9 1.00 43.4 1.00 22.3 1.00 12.8 1.00 146.8 1.00
5.0 6.8 0.99 22.6 1.01 39.0 1.00 43.4 1.00 22.1 0.99 15.2 1.19 149.1 1.02
7.2 6.9 1.00 23.0 1.02 39.5 1.02 43.5 1.00 22.1 0.99 15.8 1.24 150.8 1.03
10.0 6.8 0.98 22.4 0.99 38.0 0.98 42.7 0.98 22.4 1.01 12.4 0.97 144.7 0.99
12.1 7.5 1.10 23.8 1.06 39.5 1.02 43.8 1.01 23.0 1.03 13.3 1.04 150.9 1.03
14.. 9 7.8 1.13 22.8 1.01 37.3 0.96 40.5 0.93 21.4 0.96 12.6 0.99 142.4 0.97
17.9 7.5 1.10 22.7 1.01 39.8 1.02 44.0 1.01 24.2 1.09 14.3 1.12 152.5 1.04
19.8 6.7 0.98 22.5 1.00 40.0 1.03 44.9 1.03 23.2 1.04 13.4 1.05 150.7 1.03
23.1 8.4 1.23 22.1 0.98 36.1 0.93 38.9 0.90 21.6 0.97 14.4 1.13 141.5 0.97
25.3 8.0 1.16 22.6 1.00 40.4 1.04 43.0 0.99 21.4 0.96 14.2 1.12 149.6 1.02
26.1 7.5 1.08 21. 7 0.96 39.5 1.02 43.1 0.99 21.6 0.97 14.9 1.17 148.3 1.01
33.5 7.6 1.10 22.9 1.02 36.5 0.94 38.9 0.90 21.4 0.96 14.1 1.10 141.4 0.96
35.1 6.4 0.93 21. 2 0.94 35.6 0.91 37.9 0.87 21.6 0.97 14.5 1.13 137.2 0.94
35.7 6.4 0.94 20.4 0.91 35.4 0.91 38.6 0.89 21.0 0.94 15.4 1.21 137.2 0.94
38.1 7.8 1.13 21.5 0.96 39.7 1.02 43.1 0.99 21. 5 0.96 14.3 1.12 147.9 1.01
40.0 7.1 1.03 23.0 1.02 42.1 1.08 45.7 1.05 22.3 1.00 14.8 1.16 155.0 1.06
43.4 7.6 1.11 21. 7 0.96 39.2 1.01 41.8 0.96 19.8 0.89 14.9 1.17 145.0 0.99
45.2 7.1 1.03 21.0 0.94 37.0 0.95 41.1 0.95 20.1 0.90 15.5 1.21 141.8 0.97
47.5 8.1 1.18 22.0 0.98 38.2 0.98 44.8 1.03 21.1 0.95 14.6 1.14 148.8 1.02
49.3 7.4 1.08 21.5 0.96 38.1 0.98 41.3 0.95 19.7 0.88 14.0 1.10 142.0 0.97
51.6 7.8 1.13 21.8 0.97 37.7 0.97 41.4 0.95 20.3 0.91 13 .8 1.08 142.8 0.97
53.6 7.5 1.08 21.9 0.98 36.5 0.94 41.9 0.97 21.5 0.96 13.0 1.02 142.3 0.97
55.8 9.5 1.38 24.5 1.09 36.1 0.93 38.9 0.90 21.5 0.96 15.7 1.23 146.2 1.00
61.5 8.1 1.18 21.9 0.97 37.6 0.97 38.8 0.90 18.9 0.85 12.6 0.99 137.9 0.94
-------------------
TABLE 7 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS
b --
Truck in Lane 6, Midspan Diaphragms Removed
M.C. = Moment Coefficient (10-3 ft_in a)
(DLF) = Dynamic Load F t M.C. at Speed





SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF)m m m m m m m
2.0 3.7 1.00 15.7 1.00 30.6 1.00 46.3 1.00 31.6 1.00 19.5 1.00 147.4 1.00
15.4 3.4 0.94 15.1 0.96 29.1 0.95 43.3 0.94 28.4 0.90 19.8 1.01 139.1 0.94
19.0 4.2 1.14 16.7 1.07 33.3 1.09 47.2 1.02 32.2 1.02 20.9 1.07 154.5 LOS
20.3 4.4 1.19 16.8 1.07 33.1 1.08 46.9 1.01 31.4 1.00 20.9 1.07 153.5 1.04
22.1 3.9 1.07 14.8 0.94 30.0 0.98 43.1 0.93 30.5 0.97 21. 2 1.09 143.5 0.97
25.8 4.0 1.08 14.6 0.93 30.4 0.99 44.2 0.95 30.8 0.98 20.6 1.06 144.6 0.98
27.5 4.0 1.10 14.9 0.95 30.9 1.01 44.6 0.96 32.1 1.02 22.7 1.16 149.2 1.01
30.2 4.1 1.13 15.6 1.00 31.5 1.03 41.4 0.89 29.6 0.94 21.4 1.10 143.6 0.98
34.1 4.0 1.08 15.1 0.96 29.7 0.97 40.3 0.87 29.6 0.94 24.3 1.25 143.0 0.97
35.9 3.7 1.00 14.3 0.91 29.6 0.97 41.2 0.89 29.4 0.93 22.1 1.13 140.3 0.95
55.4 4.4 1. 22 15.4 0.98 30.0 0.98 43.4 0.94 29.7 0.94 22.5 1.15 145.4 0.99
57.8 3.5 0.97 14.4 0.92 29.6 0.97 43.2 0.93 26.8 0.85 20.7 1.06 138.2 0.94
59.0 5.9 1.62 15.0 0.96 30.3 0.99 43.6 0.94 28.0 0.89 22.2 1.14 145.0 0.98
-------------------
TABLE 8 MOMENT COEFFICIENTS AND IMPACT FACTORS FOR IMPACT RUNS
M.C. = Moment Coefficient (10-3 ft_in2 )










LANE BEAM A BEAM B BEAM C . BEAM D BEAM E BEAM F TOTALM.C. TIF)m M.C. (IF) M.e. (IF) M.C. (IF) M.C. (IF) M.C. (IF) M.e. (IF)m m m m m m
So 2 74.0 1. 76 72.7 1.68 44.6 1.63 28.6 1.90 18.6 3.27 24.9 61.48 263.4 1.97
C1J 3 43.4 1. 74 65.7 1.68 61.0 1. 76 43.8 1.95 22.6 2.16 18.5 5.37 255.0 1.89...
.r::p., 4 33.6 2.28 52.2 1.71 61. 2 1.71 57.8 1.84 29.4 1.90 42.5 4.80 276.7 2.02C1J
.r:: 'M 5 30.1 3.65 40.1 68.7.j.J0 1. 78 60.9 1. 79 1. 79 38.0 1.97 48.4 3.46 286.2 2.10
'M t::
:>:C1J 6 20.6 4.82 31.3 1.90 53.3 1.84 72.6 1.83 47.5 1.87 61.4 3.06 286.7 2.13p.,
til 7 19.8 7.08 22.0 2.22 40.0 1.88 65.5 1.71 58.4 1.85 80.2 2.39 285.9 2.10't:l
'M
::E 8 11.0 245.66 17.7 3.30 33.8 2.29 51.8 1.71 61.6 1.69 106.4 2.13 282.3 2.06
So 2 77 .5 1.92 85.8 1.81 50.9 1. 70 23.6 1.59 13.7 3.19 21.3 -43.53 272.8 2.00
C1J 3 54.9 2.32 76.3 1. 74 74.2 1.88 46.9 1.96 24.1 2.51 34.8 15.04 311. 2 2.18...
.r::p., 4 43.2 3.43 57.2 1.80 78.6 1.90 67.1 1. 92 30.5 2.03 40.6 5.94 317.2 2.23.j.J C1J
::l 'M
00 5 34.3 4.99 40.5 1.80 74.2 1.90 80.1 1.85 39.7 1. 78 48.6 3.81 317.4 2.16
.r::
.j.J t::
'M C1J 6 29.0 7.92 28.4 1.81 65.4 2.14 84.5 1.82 50.7 1.61 63.9 3.28 321.9 2.18:>:p.,
en 7 22.7 21.42 22.2 2.58 45.5 2.09 77 .6 1.91 66.7 1.65 N.O 2.44 311. 7 2.16't:l
'M
::E 8 15.4 -85.56 17.4 3.79 27.2 2.06 52.3 1.72 72.8 1.63 97.7 1.98 282.8 1.99
-------------------
TABLE 9 DISTRIBUTION COEFFICIENTS FOR CRAWL RUNS
Distribution Coefficient Moment Coefficient





Lane Midspan Diaphragms in Place Midspan Diaphragms RemovedA B C D E F A B C D E F
1 43.4 32.7 15.6 6.9 2.4 -1.0 42.6 34.8 15.5 6.8 2.0 -1. 7
2 31.4 32.3 20.5 11.2 4.2 0.4 29.6 34.7 22.0 10.9 3.2 -0.4
3 18.5 29.0 25.7 16.6 7.7 2.5 16.6 30.7 27.7 16.7 6.7 1.6
4 10.8 22.4 26.0 23.0 11.3 6.5 8.8 22.2 29.0 24.6 10.6 4.8
.
5 6.0 16.5 24.7 28.7 14.0 10.2 4.7 15.3 26.5 29.6 15.2 8.7
6 3.2 12.3 21.4 29.4 18.8 14.9 2.5 10.6 20.8 31.5 21.4 13.2
7 1.0 7.3 15.5 28.2 23.3 24.7 0.7 6.0 15.1 28.2 28.1 21.9
8 0.0 3.9 10.8 22.2 26.5 36.6 -0.1 3.2 9.3 21.4 31.4 34.8
9 -0.3 3.0 7.8 18.1 27.2 44.2 -0.3 1.1 6.3 18.0 32.3 42.6
-------------------
TABLE 10 DISTRIBUTION COEFFICIENTS FOR SPEED RUNS - TRUCK IN LANE 2





SPEED Midspan Diaphragms in Place SPEED Midspan Diaphragms Removed
(mph) A B C D E F (mph) A B C D E F
2.0 31.4 32.3 20.5 11. 2 4.2 0.4 2.0 29.6 34.7 22.0 10.9 3.2 -0.4
5.3 30.2 31.6 20.7 12.2 5.0 0.3 5.9 28.7 34.7 21.5 10.6 3.4 1.1
8.3 31.3 31. 7 20.4 12.0 4.9 -0.3 9.0 29.1 34.1 21.4 10.7 3.8 0.9
10.8 30.4 32.1 20.5 11.6 4.7 0.7 10.0 30.7 35.0 20.9 10.8 3.2 -0.6
11.4 29.5 30.9 20.9 12.8 5.2 0.7 12.2 29.6 34.2 21. 7 10.9 3.5 0.1
15.8 29.8 30.7 20.8 12.6 5.5 0.6 14.6 30.6 35.1 21.8 10.2 2.8 -0.5
18.6 28.9 30.9 20.6 12.7 5.5 1.4 17.9 28.2 34.7 22.4 11. 2 3.6 -0.1
19.3 30.5 31.5 21.0 11.3 5.6 0.1 22.0 29.6 34.5 21.5 10.7 3.1 0.6
22.5 31.6 30.4 20.7 11.9 5.0 0.4 22.2 30.1 33.8 21.5 10.4 3.1 1.1
24.6 29.9 31.5 20.8 11.9 5.4 0.5 25.8 29.7 33.8 21.5 9.9 3.6 1.4
26.9 29.3 32.1 20.9 12.0 5.4 0.3 29.8 30.7 33.4 21.6 10.5 3.2 0.6
31.8 30.8 30.7 21.0 11.9 4.7 0.9 30.6 30.7 32.8 21.8 10.8 3.2 0.7
34.1 32.9 29.6 20.6 11.8 4.7 0.4 33.7 31.5 33.2 21.6 10.5 3.1 0.1
36.2 31.6 30.4 19.9 12.0 5.5 0.6 35.9 29.4 34.1 22.4 11.0 3.3 -0.2
37.5 31.4 32.0 20.6 11.6 4.7 -0.3 37.2 29.3 35.4 21. 7 9.9 3.1 0.6
41.9 31.2 31.7 20.3 11.3 5.1 0.4 38.5 29.0 35.6 22.3 10.2 3.1 -0.2
43.3 31.3 31.2 21.0 12.2 4.7 -0.3 43.2 30.3 36.2 21.4 9.9 2.8 -0.6
46.4 32.7 30.9 20.1 11.8 4.8 -0.3 46.1 29.1 34.7 21.6 10.5 3.6 0.5
48.2 28.4 30.8 21.3 12.4 5.4 1.7 46.8 28.0 36.8 21. 2 10.1 3.0 0.9
52.0 32.8 30.7 20.7 11.6 4.3 -0.1 50.7 29.6 34.3 21. 3 10.4 3.6 0.8
52.4 30.2 30.2 20.7 11. 7 5.7 1.5 53.4 30.1 34.2 21.1 10.6 3.6 0.4
54.4 31.1 30.7 20.8 11.9 5.1 0.4 55.4 31.6 34.8 20.9 9.5 2.7 0.5
56.7 34.4 32.0 20.4 10.6 4.1 -1.5 58.6 30.1 34.6 22.0 10.1 3.3 -0.1
63.0 32.2 31.8 19.4 10.6 5.0 0.9 61.5 31.0 33.7 20.4 9.7 2.9 2.3
-------------------
TABLE 11 DISTRIBUTION COEFFICIENTS FOR SPEED RUNS - TRUCK IN LANE 5
Distribution Coefficient - Moment Coefficient (100)





SPEED Midspan Diaphragms in Place SPEED Midspan Diaphragms Removed
(mph) A B C D E F (mph) A B C D E F
2.0 6.0 16.5 24.7 28.7 14.0 10.2 2.0 4.7 15.3 26.5 29.6 15.2 8.7
5.0 6.9 16.4 24.4 26.9 14.9 10.5 5.0 4.6 15.2 26.2 29.1 14.8 10.1
7.5 6.4 16.8 24.5 28.0 14.7 9.5 7.2 4.6 15.2 26.2 28.8 14.6 10.6
10.0 6.6 16.3 24.2 27.9 15.7 9.3 10.0 4.7 15.5 26.2 29.5 15.5 8.6
12.5 6.2 16.1 24.6 27.9 15.2 10.0 12.1 5.0 15.8 26.2 29.0 15.3 8.8
15.6 6.1 16.2 24.0 27.2 15.5 11.0 14.9 5.5 16.0 26.2. 28.5 15.0 8.8
17.5 6.6 16.5 24.1 27.1 15.3 10.4 17.9 4.9 14.9 26.1 28.8 15.9 9.4
19.3 7.3 18.0 23.6 25.3 16.3 9.5 19.8 4.5 14.9 26.6 29.8 15.4 8.8
22.4 6.4 16.9 24.9 26.9 15.4 9.5 23.1 6.0 15.6 25.5 27.5 15.2 10.2
25.4 6.4 17.6 24.1 26.8 15.6 9.5 25.3 5.3 15.1 27.0 28.8 14.3 9.5
27.5 5.7 16.7 24.5 27.3 15.7 10.1 26.1 5.0 14.6 26.6 29.1 14.6 10.0
30.6 6.8 16.5 23.1 25.4 16.2 12.0 33.5 5.3 16.2 25.8 27.6 15.1 10.0
31. 6 7.2 16.6 22.9 24.7 15.6 13.0 35.1 4.7 15.5 26.0 27.7 15.7 10.4
35.6 7.3 17.9 24.3 24.5- 15.1 10.9 35.7 4.7 14.9 25.8 28.1 15.3 11. 2
37.2 6.8 16.0 23.9 26.2 15.3 11.8 38.1 5.3 14.5 26.8 29.1 14.5 9.8
41. 5 6.3 15.6 24.7 27.3 15.0 11.1 40.0 4.6 14.8 27.2 29.5 14.4 9.5
43.9 6.6 16.0 25.1 26.4 14.0 11.9 43.4 5.3 14.9 27.0 28.8 13.6 10.4
44.9 6.2 15.6 24.7 27.1 14.9 11.5 45.2 5.0 14.9 26.1 29.0 14.2 10.8
47.2 6.4 15.9 24.8 26.1 15.3 11.4 47.5 5.5 14.7 25.6 30.1 14.2 9.9
49.6 6.5 15.3 24.1 26.2 14.8 13.1 49.3 5.2 15.2 26.8 29.1 13.9 9.8
50.4 6.3 15.1 24.8 26.7 15.4 11. 7 51.6 5.4 15.2 26.4 29.0 14.2 9.8
55.0 6.7 16.1 23.6 24.4 15.9 13.3 53.6 5.2 15.4 25.6 29.5 15.1 9.2
55.5 5.9 15.7 23.6 26.5 15.6 12.7 55.8 6.5 16.8 24.7 26.6 14.7 10.7
59.6 7.0 16.2 24.6 26.1 14.8 11.3 61. 5 5.9 15.9 27.3 28.2 13.7 9.0
-------------------
TABLE 12 DISTRIBUTION COEFFICIENTS FOR SPEED RUNS
Truck in Lane 6, Midspan Diaphragms Removed
b ~ -
M 7A-
Distribution Coefficient Moment Coefficient





SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F(mph)
2.0 2.5 10.6 20.8 31.5 21. 4 13.2
15.4 2.5 10.8 20.9 31.1 20.4 14.3
19.0 2.7 10.8 21.6 30.5 20.9 13.5
20.3 2.8 10.9 21.5 30.6 20.4 13.8
22.1 2.7 10.3 20.9 30.0 21. 2 14.9
25.8 2.7 10.1 21.0 30.6 21. 3 14.3
27.5 2.7 10.0 20.7 29.9 21.5 15.2
30.2 2.9 10.8 22.0 28.8 20.6 14.9
32.4- 2.6 10.2 21.1 29.4 21.0 15.7
34.1 2.8 10.5 20.8 28.2 20.7 17.0
55.4- 3.0 10.6 20.6 29.9 20.4 15.5
57.8 2.6 10.4 21.4 31.3 19.4 14.9
59.0 4.1 10.4 .20.9 30.1 19.3 15.2
-------------------
TABLE 13 DISTRIBUTION COEFFICIENTS FOR IMPACT RUNS
Distribution Coefficient Moment Coefficient





LANE BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F
l::: 2 28.1 27.6 16.9 10.9 7.0 9.5
ctl E 3 17.0 25.8 23.9 17.2 8.8 7.3PlbO
en ctl 4 12.1 18.9 22.1 20.9 10.6 15.4'0 ~
'r-! ..c: 5 10.5 14.0 21.3 24.0 13.3 16.9::EPI
ctl 6 7.2 10.9 18.6 25.3 16.6 21.4
..c: 'r-!
-l-Jo 7 6.9 7.7 13.9 22.9 20.4 28.2
'r-!
:3 8 3.9 6.3 12.0 18.3 21.8 37.7
E 28.4IbO 2 31.4 18.7 8.7 5.0 7.8
'0 ctl
'r-! ~ 3 17.6 24.5 23.8 15.1 7.8 11.2
::E..c: 4 13.6 18.0 24.8 21.2 9.6 12.8PI
-l-J ctl 5 10.8 12.8 23.4 25.2 12.5 15.3:l 'r-!
00 6 9.0 8.8 20.3 26.2 15.7 20.0
..c:
-l-J l::: 7 7.3 7.1 14.6 24.9 21.4 24.7
'r-! ctl














TABLE 14 DISTRIBUTION FACTORS BASED ON MOMENT COEFFICIENTS
Distribution Coefficients (%) Distribution Factor
Experi-
Case** Beam Lanes PennDOT mental
Left Center Right E Experimental Design Value Design
So A 44.0 8.7 0.0 52.7 1.054 1.115 0.945B 32.9 19.9 4.0 56.8 1.136 =S*/5.95 1.226 =S/5.5 0.927
..c: rn C 18.2 25.8 11. 2 55.2 1.104 =S/6.11 1. 226 0.900+J1:
'M p., D 9.2 28.7 21.9 59.8 1.196 =S/5.65 1.226 0.976~ rn
E 3.2 14.1 27.0 44.3 0.886 = S/7 .6 1.226 0.723'M
Cl F -0.2 10.0 43.5 53.3 0.704 1.514
I
E A 43.9 6.7 0.0 50.6 1.012 1.115 0.908
+JbD B 35.4 19.6 3.4 58.4 1.168 =S/5. 78 1.226 0.947:l rn
o ~ C 18.2 28.5 9.8 56.5 1.130 =S/5.97 1. 226 0.922
..c:..c:
+Jp., D 8.5 29.6 22.0 60.1 1.202 =S/5.60 1.226 0.980
'M rn
~ 'M E 2.2 15.8 32.2 50.2 1.004 = S/6. 71 1. 226 0.819
Cl F -1. 2 8.8 41.4 49.0 0.980 0.704 1. 392
E A 44.0 ---- 2.5 46.5 0.930 1.115 0.834
bD B 32.9 ---- 11.0 43.9 0.878 = S/7 . 68 1. 226 0.716
..c: rn C 26.0 20.0 46.0 0.920 =S/7 .34 1. 226 0.750+J ~ ----
'M ..c: D 18.0 ---- 29.3 47.3 0.946 =S/7.14 1.226 0.772~p.,rn E 8.2 27.2 35.4 0.708 = S/9 .54 1. 226 0.577'M ----
Cl F 3.2 ---- 42.6 45.8 0.916 0.704 1. 301
II
E A 43.9 ---- 2.2 46.1 0.922 1.115 0.827
+JbD B 35.4 ---- 9.6 45.0 o.900 = S/7 . 50 1.226 0.734
:l rn C 28.3 19.5 47.8 0.956 =S/7 .05 1.226 0.780o ~ ----
..c:..c: D 18.2 ---- 31. 2 50.0 1.000 =S/6. 75 1.226 0.816+Jp.,
'M rn E 7.2 ---- 32.2 39.4 O,788=S/8.56 1.226 0.643~'M
Cl F 2.2 ---- 41. 2 43.4 0.868 0.704 1. 233
E A 38.2 ---- 6.0 44.2 0.884 1.115 0.793
bD B 32.8 ---- 16.3 49.1 0.982 =S/6.87 1. 226 0.801
..c: rn C 20.8 24.5 45.3 0.906 =S/7 .45 1. 226 0.739+J ~ ----
'M "& D 11.6 ---- 29.3 40.9 0.818 =S/8.25 1.226 0.667~ rn E 4.6 17.2 21.8 0.436 =S/5.49 1.226 0.356'M ----
Cl F 0.6 ---- 13 .2 13.8 0.276 0.704 0.392
III
E A 36.0 ---- 4,6 40.6 0.812 1.115 0.728
+JbD B 35.4 ---- 15.4 50.8 1.016 =S/6.65 1.226 0.829
:l rn C 22.3 26.4 48.7 0.974 =S/6.93 1. 226 0.794o ~ ----
..c:..c: D 11.1 31. 2 42.3 0.846 = S/7 . 97 1.226 0.690+Jp., ----
'M rn E 3.4 ---- 19.7 23.1 0.462 =S/14.60 1.226 0.377~ 'M
Cl F -0.2 ---- 11.5 11.3 0.226 0.704 0.321
** See Figures 21, 22 and 23I
I
















A B C D E F
1 34.7 34.4 32.2 29.1 31. 2 29.4
2 33.6 35.6 34.9 32.0 31.6 38.6E 3 30.9 35.6 36.7 35.0 33.8 31.9bO
..c: ct1 4 28.8 35.8 37.6 36.9 34.3 29.9
-l-J ~
'r-i ..c: 5 26.8 34.4 37.1 38.4 34.7 30.7:3=~ 6 25.8 34.2 37.3 38.4 36.0 33.1
'r-i
t=l 7 23.8 31. 7 35.8 38.1 36.6 35.1
8 20.3 30.2 34.8 36.4 37.2 36.1
9 20.2 39.0 32.0 35.0 37.5 37.2
1 34.6 34.9 32.8 30.5 33.3 38.6
2 33.1 35.6 35.3 32.4 29.0 38.6E 3 30.5 36.1 37.4 35.6 33.5 41.4-l-JbO
:::l ct1 4 28.4 35.4 37.8 36.9 34.2 30.1o ~
..c:..c: 5 25.4 34.7 37.9 38.6 35.4 30.5-l-JP!
'r-i ct1 6 24.6 33.8 37.2 38.6 37.0 32.8:3= 'r-i
t=l 7 22.4 32.4 35.7 38.5 37.3 34.0
8 20.2 30.4 34.2 37.0 37.4 36.0
9 20.2 25.6 32.0 35.5 37.8 37.1
-------------------





Midspan Diaphragms in Place Midspan Diaphragms Removed
SPEED Yb , inches (See Table 15) SPEED Yb1 , inches
(mph) A B C D E F (mph) A B C D E F
2.0 33.6* 35.6 34.9 32.0 31.6 38.6 2.0 33.1 35.6 35.3 32.4 29.0 38.6
5.3 33.3 35.4 35.2 34.2 33.2 38.6 5.9 32.9 36.6 35.3 33.0 30.1 38.6
8.3 33.6 35.7 34.9 33.4 32.5 38.6 9.0 33.1 36.0 35.4 32.6 31.1 38.6
10.8 33.8 36.0 35.0 33.1 31.9 38.6 10.0 33.2 36.0 34.8 32.5 28.3 38.6
11.4 33.2 35.9 34.5 33.6 31.6 38.6 12.2 33.2 35.8 34.7 33.0 30.9 38.6
15.8 33.0 36.0 34.7 33.2 32.7 38.6 14.6 33.3 36.1 34.8 32.2 29.6 38.6
18.6 33.1 36.4 34.9 33.4 31. 7 38.6 17.9 32.8 35.8 34.8 32.8 29.8 38.6
19.3 33.7 36.0 35.3 33.0 32.6 38.6 22.0 33.0 35.4 34.4 32.6 29.0 38.6
22.5 33.1 36.4 34.8 32.7 33.7 38.6 22.2 32.9 35.2 34.5 32.4 28.2 38.6
24.6 33.6 36.4 35.2 33.2 33.4 38.6 25.8 32.9 35.5 35.1 32.0 30.1 38.6
26.9 33.0 36.0 34.5 33.7 33.3 38.6 29.8 33.0 35.6 34.6 32.0 29.1 38.6
31.8 33.1 35.6 34.6 33.3 32.3 38.6 30.6 33.3 35.3 35.0 32.6 28.3 38.6
34.1 33.8 34.8 34.5 33.0 31.4 39.6 33.7 33.2 35.6 34.5 32.0 30.0 38.6
36.2 33.5 35.1 34.8 33.6 33.4 38.6 35.9 33.0 35.9 34.8 32.6 28.0 38.6
37.5 33.5 35.6 34.5 33.4 31.6 38.6 37.2 33.0 35.6 34.8 32.2 31.9 38.6
41.9 33.5 35.6 34.6 32.7 32.8 38.6 38.5 32.9 35.9 34.4 32.1 29.5 38.6
43.3 33.1 35.4 34.7 32.8 33.0 38.6 43.2 32.9 36.2 34.8 32.0 29.1 38.6
46.4 33.4 35.2 33.9 32.4 30.8 38.6 46.1 33.1 36.0 34.9 32.5 30.5 38.6
48.2 33.1 35.6 34.8 33.4 31.5 30.4 46.8 32.5 36.4 34.8 32.5 29.2 38.6
52.0 33.1 35.1 34.2 32.5 29.4 38.6 50.7 33.3 35.7 35.0 32.3 29.8 38.6
52.4 33.0 35.2 34.6 32.1 31.6 38.6 53.4 33.1 36.0 34.7 32.8 29.8 38.6
54.4 33.0 35.3 34.7 32.7 31.0 38.6 55.4 33.4 35.6 34.7 31.9 27.3 38.6
56.7 33.4 35.5 34.1 31. 7 30.5 38.6 58.6 33.0 36.4 34.6 31.8 29.6 38.6
63.0 33.4 35.2 33.7 32.2 32.0 38.6 61.5 33.3 35.5 33.7 31.3 28.8 42.9
-------------------





Midspan Diaphragms in Place Midspan Diaphragms Removed
SPEED Yb , inches (See Table 15) SPEED Yb , inches
(mph) A B C D E F (mph) A B C D E F
.
2.0 26.8 34.4 37.1 38.4 34.7 30.7 2.0 25.4 34.7 37.9 38.6 35.4 30.5
5.0 28.2 34.9 37.2 38.3 35.3 30.1 5.0 25.8 34.6 37.7 37.9 35.2 31.4
7.5 27.4 34.4 37.6 38.3 35.3 31.2 7.2 25.6 35.0 38.2 38.4 35.0 32.2
10.0 28.2 34.1 37.2 38.3 35.1 33.9 10.0 25.7 34.4 37.9 38.3 35.2 29.3
12.5 27.6 35.2 38.2 38.6 35.1 31. 2 12.1 25.8 34.3 37.5 38.5 35.2 29.5
15.6 28.0 35.3 37.6 38.4 34.6 31.5 14.9 26.4 34.4 37.3 38.1 35.0 29.1
17.5 27.9 35.2 37.8 38.4 34.7 30.2 17.9 26.2 33.7 37.4 38.3 34.9 30.1
19.3 27.7 35.1 38.1 38.0 35.6 32.8 19.8 24.8 33.8 37.4 38.1 35.3 29.9
22.4 27.4 35.2 38.1 38.4 35.4 30.5 23.1 26.3 34.0 37.3 37.8 35.2 30.7
25.4 27.7 35.9 38.2 38.7 35.6 31.3 25.3 26.9 34.3 37.9 38.5 34.9 30.2
27.5 27.2 36.2 37.5 38.5 35.8 32.3 26.1 26.1 34.3 37.8 38.6 34.9 30.2
30.6 27.5 33.9 38.0 38.7 36.2 32.2 33.5 25.4 33.8 37.4 38.0 33.8 29.0
31.6 27.8 33.7 37.4 38.2 -35.1 32.2 35.1 24.9 34.0 37.5 38.0 34.4 30.6
35.6 27.3 34.5 38.1 38.3 35.4 31.9 35.7 25.2 33.7 37.4 38.4 34.8 30.4
37.2 28.1 34.0 37.7 38.6 35.6 33.0 38.1 26.4 33.5 37.7 38.4 34.3 28.5
41.5 27.5 34.0 37.6 37.2 35.2 32.2 40.0 25.4 34.2 37.5 38.3 35.3 31.0
43.9 27.9 34.1 37.6 38.3 34.3 31.3 43.4 26.3 34.4 37.8 38.1 34.2 31. 4
44.9 27.6 35.1 38.2 38.1 35.3 31.6 45.2 25.8 34.6 37.9 38.4 34.3 29.4
47.2 26.7 33.8 37.4 37.7 34.8 31.3 47.5 26.4 34.2 37.4 42.3 34.8 30.3
49.6 26.8 34.0 37.0 38.0 34.5 31.8 49.3 25.8 33.8 37.0 38.0 34.0 29.6
50.4 27.6 34.2 38.1 38.1 35.4 32.2 51.6 26.6 34.2 37.6 38.2 34.2 31.9
55.0 27.9 34.2 37.8 38.4 35.4 31.9 53.6 26.0 33.8 36.8 38.5 34.7 29.0
55.5 25.7 34.4 37.4 38.5 35.0 32.0 55.8 26.4 33.9 37.2 37.6 34.1 31. 7
59.6 27.6 34.2 37~7 37.7 34.5 31.4 61.5 27.6 34.1 37.6 38.4 34.2 29.4
-------------------
TABLE 18 LOCATION OF NEUTRAL AXES FOR SPEED RUNS





SPEED Yb inches (See Table 15)
. (mph) BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F
2.0 24.6* 33.8 37.2 38.6 37.0 32.8
15.4 23.8 33.1 . ;36.4 38.4 36.4 31.6
19.0 24.1 32.9 36.9 38.5 36.0 31.7
20.3 24.4 33.2 36.4 38.3 35.7 31.6
22.1 . 24.7 33.2 37.2 38.6 36.6 32.6
25.8 24.1 32.6 36.6 38.4 36.6 32.3
27.5 24.2 32.9 36.7 38.9 36.2 32.1
30.2 24.9 33.0 36.8 38.1 36.2 31. 2
32.4 24.7 32.5 36.9 38.5 36.2 31.6
34.1 24.2 32.9 36.9 38.4 36.1 32.2
55.4 24.9 32.9 36.4 37.9 36.0 31. 7
57.8 23.1 32.9 36.9 38.2 35.6 32.0
59.0 28.5 33.4 36.9 38.4 35.6 31.6
-------------------








A B C D E F
2 33.6 35.4 34.4 33.4 35.0 33.1
So 3 31. 8 36.3 38.1 37.1 33.8 35.2
...c:: ctl 4 31.9 36.0 37.2 36.8 34.5 34.6
+I.E 5 33.2 33.7 37.3 37.8 35.2 35.0
'.-1 Pl
:S:ctl 6 32.9 34.4 37.1 38.2 35.9 35.0
'.-1 7 34.3 33.3 36.4 37.0 36.4 35.8Cl
8 35.7 32.8 35.0 35.9 36.3 37.4
2 33.1 35.6 34.7 32.6 32.3 38.0
E 3 32.5 36.0 37.3 36.1 34.1 37.7+Ibn
::l ctl 4 32.7 35.4 37.6 37.3 34.1 35.4o >.l
...c::...c:: 5 33.3 34.3 37.6 37.9 34.3 35.8
+lPl 6 34.7 33.9 38.0 38.6 36.2 36.2'.-1 ctl
:s: '.-1 7 35.4 33.0 36.2 38.0 36.7 35.7Cl
8 34.4 33.2 33.7 36.3 37.2 36.4
-------------------









A B C D E F Total
1 98.2 89.3 66.9 39.4 53.6 33.0 380.4
2 83.7 104.4 98.4 60.9 55.7 66.0 469.1
So 3 56.8 105.1 125.3 93.7 75.5 0.0 456.4
..c: ctl 4 41.2 107.0 143.2 120.3 81.0 0.0 492.74-JE 5 28.9 88.1 134.6 151.0 85.3 0.0 487.9
.r-! ~
:3 ctl 6 24.0 86.4 136.6 147.8 102.0 3.4 500.2
.r-! 7 14.9 61.8 110.3 141.8 112.6 20.2 461.6~
8 0.4 51.6 96.7 113.2 119.6 30.2 411. 7
9 0.0 245.9 65.9 93.0 125.8 45.0 575.6
1 97.0 94.7 73.8 49.2 79.5 66.0 460.2
2 77.9 104.2 103.4 65.2 37.8 66.0 454.5
4-JSo 3 53.7 112.0 136.8 101.2 72.6 186.8 663.1
:l ctl 4 39.2 102.5 148.0 120.8 80.4 0.0 490.9o ~
..c:..c: 5 21.9 92.2 149.2 152.7 93.6 0.0 509.64-J~ 6 17.8 82.2 135.9 155.0 115.7 2.4 509.0'r-! ctl
:3 .r-! 7 8.8 67.8 110.0 151.4 122.6 9.4 470.0~
8 0.0 50.6 89.0 120.8 122.9 29.4 412.7
9 0.0 21. 2 65.1 99.0 130.5 42.9 358.7
- - - - - - - - - - - - - -
..





TABLE 21 EFFECTIVE SLAB WIDTHS FOR SPEED RUNS - TRUCK IN LANE 2
Midspan Diaphragms in Place Midspan Diaphragms Removed
SPEED be' inches (See Table 20) SPEED be' inches
(mph) A B C D E F Total (mph) A B C D E F Total
2.0 83.7 104.4 98.4 60.9 55.7 66.0 469.1 2.0 77.9 104.2 103.4 65.2 37.8 66.0 454.5
5.3 80.5 101.4 101.5 83.2 69.9 66.0 502.5 5.9 75.6 119.2 103.4 70.0 44.7 66.0 478.9
8.3 84.2 105.8 98.0 74.9 62.6 66.0 491.5 9.0 77 .8 110.2 105.2 67.2 51.8 66.0 478.2
10.8 86.6 109.9 99.0 71.5 57.7 66.0 490.7 10.0 79.3 110.4 96.1 65.4 33.2 66.0 450.4
11.4 79.5 108.9 93.0 76.8 55.6 66.0 479.8 12.2 79.1 107.6 95.2 70.4 50.4 66.0 468.7
15.8 77 .6 110.7 95.5 72.3 64.8 66.0 486.9 14.6 80.1 112.0 97.1 62.8 41.0 66.0 459.0
18.6 78.4 116.9 97.8 74.7 56.1 66.0 489.9 17.9 74.5 107.0 96.0 68.8 42.1 66.0 454.4
19.3 84.7 110.9 103.3 70.8 63.6 66.0 499.3 22.0 76.8 102.3 91.2 66.2 37.5 66.0 440.0
22.5 78.7 116.4 96.2 67.3 74.6 66.0 499.2 22.2 76.3 98.6 93.1 65.3 32.7 66.0 432.0
24.6 84.2 116.9 101.4 72.2 71.1 66.0 511.8 25.8 75.6 103.3 100.5 60.9 44.3 66.0 450.6
26.9 77.7 110.8 92.1 78.1 70.1 66.0 494.8 29.8 76.6 103.8 94.5 61.6 38.1 66.0 440.6
31.8 78.4 104.9 93.7 73.8 61. 2 66.0 478.0 30.6 80.8 100.2 98.5 67.1 33.1 66.0 445.7
34.1 77 .2 83.3 82.4 63.1 47.9 66.0 419.9 33.7 79.5 103.9 92.9 61.7 43.7 66.0 447.7
36.2 82.4 98.0 96.7 76.8 71.4 66.0 491. 3 35.9 77 .0 109.4 96.1 66.7 31. 7 66.0 446.9
37.5 83.1 104.5 93.1 75.1 55.2 66.0 477.0 37.2 76.9 104.3 96.0 62.7 58.0 66.0 463.9
41.9 83.1 104.0 94.4 68.0 65.4 66.0 480.9 38.5 76.3 108.8 91.4 62.3 40.3 66.0 445.1
43.3 78.0 101.6 94.8 68.9· 67.0 66.0 476.3 43.2 76.2 112.8 96.2 61.3 38.2 66.0 450.7
46.4 81.4 98.9 85.4 65.2 49.3 66.0 446.2 46.1 78.7 110.9 98.2 65.4 46.9 66.0 466.1
48.2 78.4 104.2 96.9 74.9 54.6 0.0 409.0 46.8 71.5 115.8 95.9 66.0 38.6 66.0 453.8
52.0 78.6 97.8 89.2 65.6 39.9 66.0 437.1 50.7 80.2 106.0 99.2 63.9 42.6 66.0 457.9
52.4 77.6 99.0 93.9 62.2 55.1 66.0 453.8 53.4 78.4 110.7 95.4 68.3 42.3 66.0 461.1
54.4 76.9 100.6 94.6 68.0 51.1 66.0 457.2 55.4 81.7 104.6 94.8 60.2 27.8 66.0 435.1
56.7 82.1 103.5 87.4 58.8 47.2 66.0 445.0 58.6 77 .2 116.0 94.2 59.3 41.0 66.0 453.7
63.0 81.8 99.4 83.0 63.5 58.3 66.0 452.0 61.5 80.5 103.3 82.6 55.2 36.4 186.9 544.9




TABLE 22 EFFECTIVE SLAB WIDTHS FOR SPEED RUNS - TRUCK IN LANE 5
Midspan Diaphragms in Place Midspan Diaphragms Removed
SPEED be' inches (See Table 20) SPEED be' inches
(mph) A B C D E F Total (mph) A B C D E F Total
2.0 28.9 88.1 134.6 151.0 85.3 0.0 487.9 2.0 21.9 92.2 149.2 152.7 93.6 0.0 509.6
5.0 37.4 95.4 135.7 147.1 92.2 0.0 507.8 5.0 23.6 91.1 144.8 138.6 91.0 0.0 489.1
7.5 32.6 89.1 143.8 147.2 92.4 0.0 505.1 7.2 23.0 96.5 154.8 150.0 88.4 0.0 512.7
10.0 37.5 84.8 134.4 146.0 90.3 8.4 501.4 10.0 23.5 88.3 148.5 146.8 91.1 0.0 498.2
12.5 33.5 99.0 154.7 154.2 90.3 0.0 531. 7 12.1 24.0 87.7 141.6 150.7 91.3 0.0 495.3
15.6 36.4 100.6 141.8 148.4 84.1 0.0 511.3 14.9 27.2 88.0 136.5 142.5 89.4 0.0 483.6
17.5 35.6 99.6 148.0 149.4 85.5 0.0 518.1 17 .9 26.0 81.0 139.0 146.6 87.8 0.0 498.3
19.3 34.3 97.5 153.6 141.0 95.6 0.2 522.2 19.8 19.0 82.0 138.0 141.8 92.2 0.0 473.0
22.4 32.3 99.3 153.7 150.1 94.1 0.0 529.5 23.1 26.6 83.6 137.0 135.8 90.6 0.0 473.6
25.4 34.3 108.7 156.6 155.4 96.2 0.0 551.2 25.3 29.7 87.8 149.8 151.5 87.2 0.0 506.0
• 112.8 534.4 26.1 25.6 87.7 147.8 154.3 87.5 0.0 502.927.5 31.4 140.4 151.0 98.8 0.0
30.6 33.2 83.0 150.7 155.0 105.1 0.0 527.0 33.5 21. 7 81. 2 137.7 140.9 75.8 0.0 457.3
31. 6 35.0 80.2 138.4 145.8 90.4 0.0 489.8 35.1 19.6 83.5 140.2 139.9 81.4 0.0 464.6
35.6 32.1 89.8 154.4 146.8 93.1 0.0 516.2 35.7 18.4 71.1 123.6 133.2 76.2 0.0 422.5
37.2 37.0 83.4 145.0 154.4 96.0 1.3 517.1 38.1 24.1 69.6 129.5 133.0 72.1 0.0 428.3
41. 5 33.4 83.6 142.8 125.4 91. 6 0.0 476.8 40.0 21.9 86.8 140.5 146.0 92.1 0.0 487.3
43.9 35.4 85.5 142.3 146.9 81.0 0.0 491.1 43.4 26.4 88.6 146.0 142.4 79.3 0.0 482.7
44.9 33.7 97.8 155.5 143.2 92.7 0.0 522.9 45.2 23.8 91.7 149.6 148.4 80.6 0.0 494.1
47.2 28.7 82.1 137.9 135.3 86.5 0.0 470.5 47.5 27.1 86.7 139.0 276.5 86.2 0.0 615.5
49.6 29.1 83.6 131.5 140.6 82.8 0.0 467.6 49.3 23.6 82.1 132.0 140.1 77 .9 0.0 455.7
50.4 33.8 86.4 153.9 142.3 94.3 0.0 510.7 51.6 27.8 86.4 141.7 145.3 79.1 0.0 480.3
55.0 35.7 85.7 146.5 148.4 93.6 0.0 509.9 53.6 25.1 82.2 127.2 151.2 85.3 0.0 471.0
55.5 23.3 88.7 138.3 151. 5 88.2 0.0 490.0 55.8 27.3 82.7 135.3 133.6 78.3 0.0 457.2
59.6 33.7 86.1 145.2 134.9 82.8 0.0 482.7 61. 5 33.7 85.2 141.8 149.4 79.5 0.0 489.6
_. - - - - - - _... - - .' - - - - - - -






b , inches (See Table 20)
e
SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL(mph)
2.0 17.8 82.2 135.9 155.0 115.7 2.4 509.0
15.4 14.4 74.4 119.6 148.3 106.8 0.0 463.5
19.0 15.9 72.5 129.6 151. 7 102.1 0.0 471.8
20.3 17.2 74.6 120.4 147.6 97.9 0.0 457.7
22.1 18.7 75.6 134.9 154.5 109.9 0.0 493.6
25-.8 15.8 69.0 123.2 149.2 110.2 0.0 467.4
27.5 15.9 72.1 125.8 159.7 104.0 0.0 477.5
30.2 19.3 73.2 128.0 142.6 104.8 0.0 467.9
32.4 18.7 68.5 128.7 151. 2 104.4 0.0 471.5
34.1 16.1 71.9 129.5 148.0 102.8 0.0 468.3
55.4 19.3 71.8 119.6 138.9 101.2 0.0 450.8
57.8 11.4 72.3 129.6 143.7 95.7 0.0 452.7
59.0 39.1 76.7 129.8 149.5 97.0 0.0 492.1
------~------------











BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
~ 2 74.4 89.8 81.5 66.1 78.7 0.0 390.5
..c: co 3 57.6 101.5 136.6 109.2 66.8 10.2 481.9
.j..JE 4 58.6 98.6 120.0 106.1 73.6 6.1 463.0
'r-! p! 5 71.0 71.4 121.8 121.3 80.5 8.8 474.8:3: co
.r-! 6 67.6 78.2 117.9 129.0 88.8 9.1 490.6Q 7 82.5 67.7 107.9 108.3 95.7 16.4 478.5
8 99.8 63.4 87.6 92.9 94.6 33.4 471.7
2 78.0 103.8 95.0 66.5 61.6 55.3 460.2
.j..J~ 3 72.0 110.3 136.2 107.8 78.6 51.3 556.2
;j co 4 73.7 102.2 142.4 127.7 78.9 22.8 547.7o ~
..c:..c: 5 80.9 87.3 142.8 138.6 80.6 27.5 557.7
.j..J p! 6 97.5 82.6 151.5 152.2 103.8 31.7 619.3'r-! co
:3: 'r-! 7 107.1 72.7 116.8 140.0 111.9 25.9 574.4Q
8 94.1 75.7 83.2 110.6 120.4 34.4 518.4
6 = Deflection (inches)
TABLE 25 GIRDER DEFLECTIONS FOR CRAWL RUNS
6
CASE LANE BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F
1 0.132 0.103 0.057 0.028 0.006 -0.007
2 0.098 0.097 0.067 0.043 0.013 -0.004
E 3 0.070 0.086 0.074 0.051 0.022 0.005bO
C'[j
~ 4 0.044 0.068 0.075 0.066 0.033 0.015..c:
Poi
C'[j 5 0.029 0.052 0.072 0.075 0.047 0.027
'M
0
..c: 6 0.016 0.038 0.062 0.076 0.057 0.042
-I-J 7 0.006 0.025 0.047 0.073 0.069 0.063'M3=
8 -0.003 0.013 0.033 0.061 0.076 0.092
9 -0.006 0.008 0.027 0.055 0.077 0.105
1 0.140 0.108 0.057 0.026 0.005 -0.006
E 2 0.102 0.102 0.069 0.037 0.011 -0.003
bO
C'[j 3 0.068 0.090 0.080 0.052 0.021 0.004~
..c:
Poi 4 0.042 0.070 0.082 0.070 0.034 0.013C'[j
'M 5 0.026 0.053 0.075 0.078 0.047 0.0240
-I-J 6 0.014 0.038 0.064 0.084 0.061 0.038::::l
0
..c: 7 0.004 0.023 0.048 0.080 0.076 0.060
-I-J
'M
3= 8 -0.002 0.011 0.031 0.064 0.082 0.088
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TABLE 26 GIRDER DEFLECTIONS AND DYNAMIC LOAD FACTORS FOR SPEED RUNS
Truck in Lane 2, Midspan Diaphragms in Place
Beam Deflection (6) - Units are inches
(DLF) D . L d F t Deflection at Speedd = ynamlc oa ac or = Deflection at Crawl
-






SPEED BEAM A BEAM B BEAM C BEAM D BEAM E
BEAM F TOTAL
(mph) 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d L:* (DLF) d
2.0 0.098 l.00 0.097 l.00 0.067 l.00 0.043 l.00 0.013 l.00 -0.004 l.00 0.299 l.00
14.2 0.095 0.97 0.095 0.98 0.065 0.97 0.039 0.91 0.013 l.00 -0.004 l.00 0.288 0.96
16.7 0.100 l.02 0.096 0.99 0.072 l.07 0.040 0.93 0.013 l.00 -0.003 0.75 0.303 l.01
19.2 0.091 0.93 0.094 0.97 0.066 0.99 0.040 0.93 0.014 l.08 -0.005 l.17 0.286 0.95
22.2 0.111 l.13 0.103 l.06 0.063 0.94 0.039 0.91 0.014 l.08 -0.004 l.00 0.309 l.03
25.7 0.098 Loo 0.093 0.96 0.065 0.97 0.041 0.95 0.017 l.31 -0.005 l. 25 0.294 0.98
29.5 0.099 l.01 0.096 0.99 0.065 0.97 0.038 0.89 0.014 l.08 -0.003 0.75 0.295 0.99
3l.2 0.103 l.05 0.100 l.03 0.068 l.01 0.038 0.89 0.013 l.00 -0.005 l.25 0.301 l.01
33.8 0.079 0.94 0.093 0.96 0.052 0.78 0.039 0.91 0.015 l.15 -0.003 0.75 0.274 0.92
36.7 0.102 l.04 0.095 0.98 0.064 0.96 0.038 0.89 0.011 0.85 -0.003 0.75 0.292 0.98
54.2 0.098 l.00 0.093 0.95 0.062 0.93 0.036 0.84 0.014 l.08 -0.004 l.00 0.284 0.95
58.7 0.101 l.03 0.098 l.01 0.065 0.97 0.039 0.91 0.013 l.00 -0.005 l. 25 0.295 0.99
6l.6 0.102 l.04 0.096 0.99 0.065 0.97 0.039 0.91 0.012 0.92 -0.005 1.25 0.293 0.98
- - - - ,- - '.' .- - _... - - ._- - -, - -
TABLE 27 GIRDER DEFLECTIONS AND DYNAMIC LOAD FACTORS FOR SPEED RUNS
Truck in Lane 2, Midspan Diaphragms Removed
Beam Deflection (6) - Units are inches
. Deflection at Speed(DLF)d = Dynamlc Load Factor = Deflection at Crawl





SPEED BEAM A BEAM B BEAM C BEAM D BEAM E
BEAM F TOTAL
(mph) 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d ~* (DLF) d
2.0 0.102 1.00 0.102 1.00 0.069 1.00 0.037 1.00 0.011 1.00 -0.003 1.00 0.303 1.00
15.4 0.096 0.94 0.098 0.96 0.064 0.93 0.034 0.92 0.008 0.73 -0.002 0.67 0.284 0.94
18.6 0.097 0.95 0.098 0.96 0.063 0.91 0.034 0.92 0.008 0.73 -0.005 1.67 0.280 '0.92
20.8 0.103 1.01 0.103 1.01 0.067 0.97 0.036 0.97 0.008 0.73 -0.004 1. 33 0.297 0.98
22.1 0.105 1.03 0.106 1.04 0.068 0.99 0.036 0.97 0.009 0.82 -0.004 1. 33 0.304 1.00
24.4 0.094 0.92 0.097 0.95 0.064 0.93 0.034 0.92 0.008 0.73 -0.002 0.75 0.281 0.93
27.2 0.103 1.01 0.104 1.02 0.068 0.99 0.035 0.95 0.011 1.00 -0.004 1. 33 0.301 0.99
32.0 0.101 0.99 0.100 0.98 0.065 0.94 0.033 0.89 0.012 1.09 -0.004 1.33 0.291 0.96
33.0 0.101 0.99 0.099 0.97 0.065 0.94 0.034 0.92 0.010 0.91 -0.004 1.33 0.289 0.95
35.4 0.096 0.94 0.098 0.96 0.064 0.93 0.034 0.92 0.009 0.82 -0.002 0.67 0.285 0.94
52.6 0.095 0.93 0.099 0.97 0.066 0.96 0.036 0.97 0.011 1.00 -0.003 1.00 0.290 0.96
58.4 0.098 0.96 0.100 0.98 0.067 0.97 0.036 0.97 0.012 1.09 -0.004 1. 33 0.306 1.01
62.8 0.096 0.94 0.097 0.95 0.064 0.93 0.033 0.89 0.008 0.73 -0.001 0.33 0.284 0.94
- - - - .- - .' .- - - - - - - - - - - -
TABLE 28 GIRDER DEFLECTIONS AND DYNAMIC LOAD FACTORS FOR SPEED RUNS
Truck in Lane 6, Midspan Diaphragms in Place
Beam Deflection (6) - Units are inches
. Deflection at Speed(DLF)d = Dynam~c Load Factor = Deflection at Crawl








SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d 6 (DLF) d ~* (DLF) d
2.0 0.016 1.00 0.038 1.00 0.063 1.00 0.078 1.00 0.057 1.00 0.043 1.00 0.315 1.00
15.3 0.016 1.00 0.038 1.00 0.061 0.97 0.076 0.98 0.055 0.97 0.040 0.93 0.306 0.97
15.5 0.020 1.25 0.031 0.82 0.058 0.92 0.075 0.96 0.056 0.98 0.041 0.95 0.295 0.94
16.7 0.016 1.00 0.039 1.03 0.059 0.94 0.076 0.98 0.059 1.03 0.040 0.93 0.303 0.96
22.1 0.016 1.00 0.042 1.10 0.065 1.03 0.083 1.06 0.062 1.09 0.045 1.05 0.329 1.04
27.0 0.019 1.19 0.040 1.05 0.060 0.95 0.077 0.99 0.061 1.07 0.043 1.00 0.314 1.00
27.1 0.016 1.00 0.039 1.03 0.061 0.97 0.077 0.99 0.056 0.98 0.039 0.91 0.302 0.96
30.4 0.015 0.94 0.037 0.97 0.059 0.94 0.077 0.99 0.059 1.03 0.042 0.98 0.304 0.96
31.0 0.015 0.94 0.038 1.00 0.061 0.97 0.077 0.99 0.058 1.02 0.041 0.95 0.304 0.96
34.4 0.014 0.86 0.037 0.97 0.060 0.95 0.078 1.00 0.059 1.03 0.041 0.95 0.304 0.96
54.0 0.016 1.00 0.041 1.08 0.059 0.94 0.075 0.96 0.057 1.00 0.039 0.91 0.301 0.95
56.3 0.018 1.13 0.038 1.00 0.060 0.95 0.074 0.95 0.051 0.90 0.037 0.86 0.291 0.92
57.8 0.021 1.31 0.039 1.03 0.060 0.95 0.077 0.99 0.054 0.95 0.041 0.95 0.306 0.97
- -, - - - ~ -' - - ... - '. - - - .' - - -
TABLE 29 GIRDER DEFLECTIONS AND DYNAMIC LOAD FACTORS FOR SPEED RUNS
Truck in Lane 6, Midspan Diaphragms Removed
Beam Deflection (5) - Units are inches
(DLF) D . L d F t Deflection at Speedd = ynam~c oa ac or = Deflection at Crawl






SPEED BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
(mph) 5 (DLF) d 5 (DLF) d 5 (DLF) d 5 (DLF) d 5 (DLF) d 6 (DLF) d 1:* (DLF) d
2.0 0.014 l.00 0.038 l.00 0.064 l.00 0.084 l.00 0.061 l.00 0.038 l.00 0.313 l.00
16.1 0.015 l.08 0.037 0.97 0.062 0.97 0.076 0.91 0.057 0.93 0.037 0.96 0.297 0.95
17.9 0.015 l.08 0.037 0.97 0.062 0.97 0.078 0.93 0.058 0.95 0.037 0.96 0.300 0.96
2l.6 0.015 l.08 0.039 l.03 0.065 l.02 0.081 0.96 0.061 l.00 0.038 l.00 0.313 l.00
2l.7 0.015 l.08 0.041 l.08 0.067 l.05 0.082 0.98 0.068 l.ll 0.039 l.02 0.326 l.04
26.2 0.014 l.00 0.037 0.97 0.062 0.97 0.077 0.92 0.061 l.00 0.036 0.94 0.300 0.96
26.6 0.015 l.08 0.036 0.95 0.060 0.94 0.075 0.89 0.057 0.93 0.036 0.94 0.292 0.93
3l.1 0.014 l.00 0.038 l.00 0.065 l.02 0.081 0.96 0.065 l.07 0.039 l.02 0.316 l.01
32.5 0.015 l.08 0.037 0.97 0.063 0.99 0.078 0.93 0.061 l.00 0.037 0.96 0.304 0.97
35.2 0.014 l.00 0.036 0.95 0.060 0.94 0.076 0.91 0.057 0.93 0.036 0.94 0.292 0.93
54.5 0.015 l.08 0.038 l.00 0.063 0.99 0.078 0.93 0.058 0.95 0.036 0.94 0.301 0.96
55.1 0.018 l.33 0.041 l.08 0.064 l.00 0.079 0.94 0.060 0.98 0.040 l.04 0.316 l.01






- - - --
TABLE 30 GIRDER DEFLECTIONS AND IMPACT FACTORS FOR IMPACT RUNS
Beam Deflection (6) - Units are inches
(IF)d = 1m act Factor = Def1ect~on at Impactp Def1ectl0n at Crawl






BEAM A BEAM B BEAM C BEAM D BEAM E BEAM F TOTAL
CASE LANE
6 (IF) d 6 (IF) d 6 (IF) d 6 (IF) d 6 (IF) d 6 (IF) d L:* (IF) d
2 0.171 1. 74 0.163 1.68 0.099 1.48 0.063 1.46 0.025 1.92 0.020 -4.67 0.526 1. 76
E
bO 3 0.130 1.87 0.151 1. 76 0.129 1. 74 0.100 1.96 0.029 1. 32 0.032 5.71 0.561 1.87rn
~ 4 0.096 2.18 0.106 1.56 0.128 1.71 0.122 1.85 0.062 1.88 0.048 3.40.c 0.569 1.89
PI
rn 5 0.072 2.48 0.098 1.88 0.124 1. 72 0.135 1.80 0.074 1.57 0.062 2.56 0.580 1.88
·rl
0
.c 6 0.054 3.28 0.068 1. 79 0.110 1. 78 0.142 1.87 0.102 1. 79 0.087 2.08 0.591 1.93
.j.J
·rl 7 0.035 6.00 0.049 1.96 0.091 1.94 0.132 1.81 0.107 1.55 0.109 1. 73 0.563 1.83~
8 0.028 -8.00 0.039 3.00 0.068 2.06 0.111 1.82 0.117 1.54 0.150 1.63 0.571 1.84
So 2 0.162 1.84 0.175 1. 72 0.112 1.62 0.063 1. 70 0.028 2.54 0.036 9.00 0.576 1.90
rn 3 0.121 2.08 0.161 1. 79 0.129 1.61 0.086 1.66 0.041 1.95 0.045 7.50 0.562 1.83~
.c
PI 4 0.104 2.50 0.132 1.81 0.144 1.56 0.123 1. 76 0.070 2.06 0.050 3.89 0.613 1.98rn
·rl
0 5 0.084 3.27 0.097 1.83 0.136 1.81 0.131 1. 68 0.079 1.68 0.066 2.74 0.608 1.97
.j.J 6 0.062 4.50:::l 0.070 1.84 0.114 1. 78 0.138 1.64 0.102 1. 67 0.088 2.30 0.602 1.920
.c 7 0.044 1.33 0.053 2.30 0.091 1.90 0.128 1.60 0.124 1.63 0.116 1.93 0.564 1. 79.j.J
·rl




































Fig. 1 Elevation of Test Bridge
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Fig. 4 Test Vehicle
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Fig. 5 Loading Lanes for Test Vehicle
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---With Diaphragm
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Fig. 9 Distribution Coefficients - Lane 4
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Fig. 14 Distribution Coefficients - Lane 9
--With Diaphragm
- - -Without Diaphragm
A
Oa-~_--L.._--~-_----L_-_....L...-__-----IO






































Fig. 15 Influence Lines for Distribution Coefficients - Beam A
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Influence Lines for Distribution Coefficients - Beam C
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Fig. 21 Live Load Distribution Factors - Experimental and Design:
Three Design Traffic Lanes
A B C D E F
Span: 71 1-6"
Beam Spacing: 6 1 _g"
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Fig. 22 Live Load Distribution Factors - Experimental and Design:
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TWO TRAFFIC LANES (AS USED AT PRESENT)
Fig. 23 Live Load Distribution Factors - Experimental and Design:
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Influence Lines for Deflection - Beam D
A
Fig. 27
D--() Crawl Runs With Diaphragm
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A~:Poct ( ) Moment Coefficient at SpeedDLF =E m Moment Coefficient at Crawl
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Fig. 30 Dynamic Load Factors for Beam A - Vehicle in Lane 2
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Fig. 31 Dynamic Load Factors for Beam B - Vehicle in Lane 2
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Moment Coefficient at Speed(DLF) =-----------.;--
m Moment Coefficient at Crawl
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Fig. 33 Dynamic Load Factors for Beam D - Vehicle in Lane 2
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Fig. 35 Dynamic Load Factors - Diaphragm in Place - Vehicle in Lane 2
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Fig. 36 Dynamic Load Factors - Diaphragm Removed - Vehicle in Lane 2
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Fig. 40 Dynamic Load Factors for Beam C - Vehicle in Lane 5
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Fig. 41 Dynamic Load Factors for Beam D - Vehicle in Lane 5
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Fig. 42 Dynamic Load Factors for Beam E - Vehicle in Lane 5
•-------------------
Moment Coefficient at Speed


























o 0 With Diaphragm




o 10 20 30 40 50 60
VEHICLE SPEED MPH
Fig. 43 Dynamic Load Factors for Beam F - Vehicle in Lane 5
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Fig. 44 Dynamic Load Factors - Beams A,B,C,D - Diaphragm in Place -
Vehicle in Lane 5
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Fig. 45 Dynamic Load Factors - Beams D,E,F - Diaphragm in Place -
Vehicle in Lane 5
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Fig. 46 Dynamic Load Factors - Beams A,B,C,D - Diaphragm Removed -
Vehicle in Lane 5
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Fig. 47 Dynamic Load Factors - Beams D,E,F - Diaphragm Removed -
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Fig. 48 Dynamic Load Factors - Total Superstructure - Vehicle in Lane 5
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Moment Coefficient at Speed(DLF) =---------
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Fig. 52 Dynamic Load Factors for Beam D - Vehicle in Lane 6
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Fig. 53 Dynamic Load Factors for Beam E - Vehicle in Lane 6
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Fig. 54 Dynamic Load Factors for Beam F - Vehicle in Lane 6
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Fig. 55 Dynamic Load Factors - Beams A,B,C,D - Diaphragm Removed -
Vehicle in Lane 6
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Fig. 56 Dynamic Load Factors - Beams D,E,F - Diaphragm Removed -
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